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ABSTRACT
Context. Tentative correlations between the presence of dusty circumstellar debris discs and low-mass planets have been recently
presented. In parallel, detailed chemical abundance studies have reported different trends between samples of planet and non-planet
hosts. Whether these chemical differences are indeed related to the presence of planets is still strongly debated.
Aims. We aim to test whether solar-type stars with debris discs show any chemical peculiarity that could be related to the planet
formation process.
Methods. We determine in a homogeneous way the metallicity, [Fe/H], and abundances of individual elements of a sample of 251
stars including stars with known debris discs, stars harbouring simultaneously debris discs and planets, stars hosting exclusively
planets, and a comparison sample of stars without known discs nor planets. High resolution échelle spectra (R∼ 57000) from 2-3 m
class telescopes are used. Our methodology includes the calculation of the fundamental stellar parameters (Teff , log g, microturbulent
velocity, and metallicity) by applying the iron ionisation and equilibrium conditions to several isolated Fe i and Fe ii lines, as well as,
individual abundances of C, O, Na, Mg, Al, Si, S, Ca, Sc, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, and Zn.
Results. No significant differences have been found in metallicity, individual abundances or abundance-condensation temperature
trends between stars with debris discs and stars with neither debris nor planets. Stars with debris discs and planets have the same
metallicity behaviour as stars hosting planets, and they also show a similar <[X/Fe]>-TC trend. Different behaviour in the <[X/Fe]>-
TC trends is found between the samples of stars without planets and the samples of planet hosts. In particular, when considering
only refractory elements, negative slopes are shown in cool giant planet hosts, whilst positive ones are shown in stars hosting low-
mass planets. The statistical significance of the derived slopes is however low, a fact that can be due to the wide range of stellar
parameters of our samples. Stars hosting exclusively close-in giant planets behave in a different way, showing higher metallicities and
positive <[X/Fe]>-TC slope. A search for correlations between the <[X/Fe]>-TC slopes and the stellar properties reveals a moderate
but significant correlation with the stellar radius and as well as a weak correlation with the stellar age, which remain even if Galactic
chemical evolution effects are considered. No correlation between the <[X/Fe]>-TC slopes and the disc/planet properties are found.
Conclusions. The fact that stars with debris discs and stars with low-mass planets do not show neither metal enhancement nor a
different <[X/Fe]>-TC trend might indicate a correlation between the presence of debris discs and the presence of low-mass planets.
We extend results from previous works based mainly in solar analogues which reported differences in the <[X/Fe]>-TC trends between
planet hosts and non hosts to a wider range of parameters. However, these differences tend to be present only when the star hosts a
cool distant planet and not in stars hosting exclusively low-mass planets. The interpretation of these differences as a signature of
planetary formation should be considered with caution since moderate correlations between the TC slopes with the stellar radius and
the stellar age are found, suggesting that an evolutionary effect might be at work.
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⋆ Based on observations collected at the Centro Astronómico His-
pano Alemán (CAHA) at Calar Alto, operated jointly by the Max-
Planck Institut für Astronomie and the Instituto de Astrofísica de
Andalucía (CSIC); observations made with the Italian Telescopio
Nazionale Galileo (TNG) operated on the island of La Palma by
the Fundación Galileo Galilei of the INAF (Istituto Nazionale di As-
trofisica); observations made with the Nordic Optical Telescope, oper-
ated on the island of La Palma jointly by Denmark, Finland, Iceland,
Norway, and Sweden, in the Spanish Observatorio del Roque de los
Muchachos of the Instituto de Astrofisica de Canarias; observations
made at the Mercator Telescope, operated on the island of La Palma
1. Introduction
Main sequence stars are often surrounded not only by one or
several planets but also by faint dusty circumstellar discs usu-
ally known as debris discs (e.g. Backman & Paresce 1993). The
evidence of debris discs comes from the presence of flux ex-
cesses over the stellar photospheric emission at IR wavelengths,
thought to arise from dust particles continuously produced by
by the Flemish Community; and data obtained from the ESO Science
Archive Facility.
⋆⋆ Tables 2, 3, and 11 are only available in the electronic version
of the paper or at the CDS via anonymous ftp to cdsarc.u-strasbg.fr
(130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/
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the collision, disruption and/or sublimation of planetesimals (for
reviews, see e.g. Moro-Martin 2013; Matthews et al. 2014). Our
own Solar System is an example of a planetary system which
also harbours a debris disc produced by collisions of minor bod-
ies like asteroids, comets, and Kuiper belt objects (Jewitt et al.
2009).
Initially discovered around early-type stars (e.g. Vega,
Aumann et al. 1984), subsequent studies have shown that debris
discs are quite common. In fact, it has been established that more
than 33% of the A-type stars show IR excess at 70 µm (Su et al.
2006), whilst recent Herschel data show that the frequency of de-
bris discs around mature solar-type stars is ∼ 20% (Eiroa et al.
2013). Although rare, several M dwarfs are also known to har-
bour a debris discs (e.g. Lestrade et al. 2012). Further, some
evolved stars are also known to be associated with debris discs
(e.g. Bonsor et al. 2014). In addition, observations of polluted
white dwarfs with heavy elements in their atmospheres are also
thought to be related with the presence of planetesimals belts
(e.g. Gänsicke et al. 2012). This observational evidence reveals
that the presence of planetesimals is ubiquitous.
Planetesimals constitute the raw material from which plan-
ets are formed and therefore a correlation between discs and
planets should be expected. Indeed, debris discs and planets
are known to coexist in around 32 stars. However, the so-
long sought for relationship between debris discs and plan-
ets still remains elusive. First, the incidence of debris discs
does not seem to be higher around planet hosts (Kóspál et al.
2009). In addition, no clear correlation between the pres-
ence of discs and the stellar properties has been found
(Beichman et al. 2005; Chavero et al. 2006; Greaves et al. 2006;
Moro-Martín et al. 2007; Bryden et al. 2009; Kóspál et al. 2009)
although Maldonado et al. (2012, hereafter MA12) suggest the
presence of a “deficit” of stars with discs at low metallicities
([Fe/H] ≤ -0.10) when compared to stars without detected discs.
The lack of a relation between the presence of debris discs and
planets might suggest the existence of a mechanism that ex-
cludes the presence of both at the same time. Moro-Martín et al.
(2007, 2015) argued that dynamically active gas giant planets
may clear out part of an initially massive debris disc by grinding
or ejecting away planetesimals, a result also predicted by simu-
lations (Raymond et al. 2011, 2012). Along these lines, a hint of
lower fractional luminosity of the dust values, Ldust/L⋆, in sys-
tems with high eccentricity planets was found in MA12.
Most of our current knowledge of the disc-planet connec-
tion is still based on detections of gas-giant planets. This sit-
uation is rapidly evolving, as a new population of low-mass
planets (Mpsin i . 30M⊕) is being discovered. Recent results
from microlensing surveys (Cassan et al. 2012), as well as long
term monitoring programmes from the ground (e.g. Mayor et al.
2011), seems to suggest that like planetesimals, low-mass plan-
ets may be abundant. As stars with debris discs, stars hosting
low-mass planets do not show the metal-rich signature seen
in gas-giant main sequence planet hosts (Ghezzi et al. 2010;
Mayor et al. 2011; Sousa et al. 2011b; Buchhave et al. 2012).
From the theoretical point of view, a strong correlation between
the presence of cold dusty discs and low-mass planets is pre-
dicted (Raymond et al. 2011, 2012).
Significant improvements have also been made in the detec-
tion of debris discs, specially around late-type stars thanks to the
unprecedented sensitivity provided by the Herschel Space Ob-
servatory. In particular, Wyatt et al. (2012) suggested a possible
correlation between the presence of debris discs and low-mass
planets, based on a sample of the nearest 60 G-type stars. Further
analysis of the Herschel data by Marshall et al. (2014) in a sam-
ple of 37 solar-type exoplanet host reveals a correlation between
the presence of dust, low-mass planets, and low stellar metal-
licities. However, the detailed statistical analysis of 204 FGK
stars by Moro-Martín et al. (2015) does not find evidence of de-
bris discs being more common around low-mass planet hosts, al-
though the authors caution about possible contamination of the
control sample by (possible) undetected low-mass planets and
relatively small sample sizes.
In parallel, significant efforts have been made to identify
which stellar properties have a larger influence (and how) in
planet formation. Detailed chemical abundances of planet hosts,
specially in solar analogues, have suggested different trends
on abundance-condensation temperature (e.g. Meléndez et al.
2009; Ramírez et al. 2009, 2010, 2014; Gonzalez et al. 2010;
Gonzalez 2011), although their interpretation as a chemical fin-
gerprint of the planet formation process has been questioned,
and other works rather point towards chemical evolution effects
(González Hernández et al. 2010, 2013; Schuler et al. 2011) or
an inner Galactic origin of the planet hosts (e.g. Adibekyan et al.
2014) as their possible causes.
In this paper a detailed analysis of the chemical abundances
of a large sample of stars known to harbour debris discs, and a
sample of stars hosting simultaneously debris discs and planets
is presented. We aim to test whether these stars show any chemi-
cal peculiarity, and to unravel their origin (disc, planet, or other).
This works follows our previous chemical analysis of stars with
debris discs in MA12 where we focused exclusively on metallic-
ities but now we extend it to the individual abundances of other
17 elements besides iron, including an analysis of possible trends
between the abundances and the elemental condensation temper-
ature. The paper is organised as follows: Section 2 describes the
stellar samples analysed in this work, the spectroscopic observa-
tions and how stellar parameters and abundances are obtained.
The distribution of abundances are presented in Section 3. The
results are discussed at length in Section 4. Our conclusions fol-
low in Section 5 .
2. Observations
2.1. The stellar sample
A sample of solar-type stars with known debris discs, SWDs,
was built using as a reference the stars listed in MA12. It contains
107 solar-type stars with debris discs discovered by the IRAS,
ISO, and Spitzer telescopes, most of them detected at MIPS 70
µm, with fractional dust luminosities, Ldust/L⋆, of the order of
10−5 and higher (Trilling et al. 2008). From the MA12 list we
retain for study those stars for which we have been able to ob-
tain high-resolution spectra (See Section 2.3). To the list we have
added six new stars, namely HIP 17420, HIP 29271, HIP 51459,
HIP 71181, HIP 73100, and HIP 92043, recently identified as
new excess sources by the DUNES1 Herschel Space Observa-
tory OTKP (Eiroa et al. 2010, 2013). The total number of stars
in this sample amounts to 68: 19 F-type stars, 29 G-type stars,
and 20 K-type stars.
The comparison sample, SWODs (stars without discs), is
also taken from MA12. It contains 145 stars (we have spectra
for 86 of them) in which IR-excesses were not found at 24 and
70 µm by Spitzer. Since Spitzer is limited up to fractional lumi-
nosities of Ldust/L⋆ ≥ 10−5 , we cannot rule out the possibility
that some of these stars have fainter discs. Indeed, three out of
the new SWD stars were listed in MA12 as SWODs. In addi-
tion, we have complemented the SWOD sample with 32 stars
1 http://www.mpia-hd.mpg.de/DUNES/
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from the DUNES survey showing no-IR excess at any of the
Herschel-PACS wavelengths. In this case, the higher sensitivity
of Herschel with respect to Spitzer allows us to rule out the pres-
ence of discs brighter than ∼ 10−6 (Eiroa et al. 2013). The total
number of stars included in the SWOD sample amounts to 119:
22 F-type stars, 68 G-type stars, and 29 K-type stars.
To elucidate the possible effects that planet formation might
have, planet-hosting stars have not been included neither in the
SWD nor the SWOD sample. To identify these stars, the Extra-
solar Planets Encyclopedia2 and the Exoplanet Orbit Database3
have been carefully checked. Nevertheless, we can not rule out
the presence of non-detected planets around some of the stars,
specially low-mass planets, which are expected to be common
around solar-type stars (Mayor et al. 2011).
2.2. Stars with known debris discs and planets
In a similar way the sample of stars known to host simulta-
neously a dusty debris discs and at least one planet, SWDPs,
has been updated with respect to MA12. Three new stars with
discs and planets have been added: HIP 27887 and HIP 109378
which are new excess sources identified by Herschel (Eiroa et al.
2013; Marshall et al. 2014); HIP 80902 has been added to the
list since the suggested planet around this star has been re-
cently confirmed (Boisse et al. 2012). The substellar companion
around HIP 107350, has an estimated minimum mass of 16 MJup
(Luhman et al. 2007) and therefore has not been included in the
SWDP sample.
Two evolved stars with planets are known to show IR-excess,
HIP 58576 (Hipparcos’ spectral-type K0-IV), and HIP 75458
(K2 III). While the position of HIP 58576 in a colour-magnitude
diagram suggests it is rather a main-sequence star, HIP 75458 is
clearly a giant. Maldonado et al. (2014) found that when apply-
ing an homogeneous procedure nearby main sequence and giant
stars show a common metallicity scale. However, tidal interac-
tions in the star-planet system as the star evolves off the MS, can
lead to variations in the planetary orbits and to the engulfment
of close-in planets (Villaver & Livio 2009; Villaver et al. 2014),
a process which can alter the photospheric abundances of the
host star in a short time scale when the star is not fully convec-
tive yet. We therefore exclude HIP 75458 star from the chemical
analysis that follows. The final number of SWDPs analyzed is
31: 4 F-type stars, 18 G-type stars, and 9 K-type stars.
For completeness, we also include in this work those stars
known to host at least one planet but not debris disc4, hereafter
SWPs. Since the properties of these stars (in particular the metal-
licity) are the subject of a significant large number of studies, we
do not try to get additional spectra, showing only the data we
used in MA12. The number of stars included in the SWP sample
amounts to 32: 17 stars hosting exclusively cool Jupiters, 5 stars
harbouring hot Jupiters, 7 stars hosting low-mass planets, and 3
stars with both low-mass and gas giant planets.
2.3. Spectroscopic observations
The high-resolution spectra used in this work comes from sev-
eral spectrographs and telescopes and have already been used
in some of our previous works (Maldonado et al. 2010, 2012,
2013; Martínez-Arnáiz et al. 2010) which can be consulted for
2 http://exoplanet.eu/
3 http://exoplanets.org/
4 As listed at September 18, 2014, in the Extrasolar Planets Encyclo-
pedia
Table 1. Properties of the different spectrographs used in this work.
Spectrograph Spectral range (Å) Resolving power N stars
FOCES 3470-10700 57000 58
SARG 5500-10100 57000 10
FIES 3640-7360 67000 20
HERMES 3800-9000 85000 37
FEROS 3500-9200 42000 56
McDonald 3400-10900 60000 48
HARPS 3780-6910 115000 22
details concerning the observing runs and the reduction proce-
dure. Summarising, the data were taken with the following in-
struments: i) FOCES (Pfeiffer et al. 1998) at the 2.2 meter tele-
scope of the Calar Alto observatory (CAHA, Almería, Spain); ii)
SARG (Gratton et al. 2001) at the Telescopio Nazionale Galileo
(TNG, 3.58 m), La Palma (Canary Islands, Spain); iii) FIES
(Frandsen & Lindberg 1999) at the Nordic Optical Telescope
(NOT, 2.56 m), La Palma; and iv) HERMES (Raskin et al.
2011) at the MERCATOR telescope (1.2 m), also in La Palma.
We also used additional spectra from the public library “S4N”
(Allende Prieto et al. 2004), which contains spectra taken with
the 2dcoudé spectrograph at McDonald Observatory and the
FEROS instrument at the ESO 1.52 m telescope in La Silla;
from the ESO/ST-ECF Science Archive Facility 5, as well as
the pipeline processed FEROS and HARPS data archive 6. The
spectral range and resolving power of each of the spectrographs
are listed in Table 1. Further details concerning the use of ESO
Archive are given in Appendix A.
Ideally all our targets should have been observed with the
same spectrograph using the same configuration. Furthermore,
the fact that the sample considered here spans a large range of
stellar parameters (e.g. ∼ 2000 K in Teff) prevent us from per-
forming a differential analysis. Nevertheless, all the spectra used
in this work have a similar resolution (with the exception of
HARPS which provides a better one), high signal-to-noise ratio
(median value ∼ 140 at 6050Å) and cover a wide spectral-range
with enough lines to provide a high-quality abundance determi-
nation, enough for the purposes of this work.
2.4. Stellar parameters
Basic stellar parameters Teff , log g, microturbulent velocity ξt,
and [Fe/H] are determined using the code TGVIT7 (Takeda et al.
2005), which implements the iron ionisation and excitation equi-
librium conditions, a methodology which has been proved suc-
cessful when applied to solar-like stars, spectral types F5/K2.
Iron abundances are computed for a well-defined set of 302
Fe I and 28 Fe II lines. TGVIT iteratively modifies the basic
stellar parameters searching the global minimum of the function
(Takeda et al. 2002a):
D2 = (σ21 + c1σ22) + c2(〈A1〉 − 〈A2〉 + c3)2 (1)
where A1 and A2 are the mean iron abundances computed using
Fe I and Fe II lines respectively, σ1, σ2 the corresponding stan-
dard deviations, and ci are weighting coefficients than the user
can modify. Forcing a minimum in σ1 is equivalent to searching
for no correlation between the Fe I abundances with either the
excitation potential or the reduced EW. The surface gravity is
obtained by forcing A1 and A2 to be the same. Since Fe II lines
5 http://archive.eso.org/cms/
6 http://archive.eso.org/wdb/wdb/eso/repro/form
7 http://optik2.mtk.nao.ac.jp/~takeda/tgv/
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are significantly less abundant than the Fe I lines in the spectra
of late-type stars, the weighting coefficients c1 and c3 were set to
zero.
The line list as well as the adopted parameters (excitation po-
tential, log(g f ) values, solar EWs) can be found on Y. Takeda’s
web page. This code makes use of ATLAS9, plane-parallel, LTE
atmosphere models (Kurucz 1993). The assumed solar Fe abun-
dance is A⊙ = 7.50, as in Takeda et al. (2005). Uncertainties in
the stellar parameters are computed by progressively changing
each stellar parameter from the converged solution to a value in
which any of the aforementioned conditions (excitation equilib-
rium, match of the curve of grow, ionisation equilibrium) are no
longer fulfilled (see for details Takeda et al. 2002a, Section 5.2).
Uncertainties in the iron abundances are computed by propagat-
ing the errors in Teff , log g, and ξt. As discussed in Takeda et al.
(2002a,b) this procedure only evaluates “statistical” errors, since
other systematic sources of uncertainties, such as the choice of
model atmosphere, the adopted atomic parameters, or the list
lines used, are not taken into account.
In order to avoid errors due to uncertainties in the damp-
ing parameters, only lines with EWs < 120 mÅ were considered
(e.g. Takeda et al. 2008). Stellar EWs are measured using the au-
tomatic code ARES (Sousa et al. 2007), adjusting the reject pa-
rameter according to the S/N ratio of the spectra as described
in Sousa et al. (2008). The estimated stellar parameters and iron
abundances are given in Table 2.
2.5. Photometric parameters and comparison with previous
works
Photometric effective temperatures are derived from the Hippar-
cos (B − V) colours (Perryman & ESA 1997) by using the cali-
bration provided by Casagrande et al. (2010, Table 4). Since all
our targets are nearby (all but two within 80 pc) colours have
not been de-reddened. The comparison between the photomet-
ric derived temperatures and the spectroscopic ones is illustrated
in Figure 1. We note that the spectroscopic estimates tend to be
slightly larger than the photometric temperatures. Nevertheless,
the mean value of ∆Teff = Tphoteff - T
spec
eff
is small, only -41 K, with
an RMS standard deviation of 73 K. A similar trend was found
when applying this relationship to a sample of evolved (subgiant
and red giant) stars (Maldonado et al. 2013).
Evolutionary values of gravities are computed from Hip-
parcos V magnitudes and the revised parallaxes provided by
van Leeuwen (2007). L. Girardi’s code PARAM8 (da Silva et al.
2006) has been used together with the new PARSEC isochrones
from Bressan et al. (2012). The code also estimates the stellar
evolutionary parameters of age, mass, and radius of the star. Our
derived spectroscopic Teff and metallicities are used as inputs for
PARAM.
The comparison between the spectroscopic and evolutionary
log g values is shown in Figure 2. Although the differences are
low, mean value only -0.09 (cgs) with a RMS deviation of only
0.12 (cgs), it is clear from the figure that evolutionary and spec-
troscopic values do not always compare well, in particular for
high spectroscopic log g values. This discrepancy has already
been discussed by several authors (e.g. Sozzetti et al. 2007;
Torres et al. 2012; Tsantaki et al. 2013, and references therein).
The dependence of∆ log g = log gspec - log gevol is explored in the
bottom panel of Figure 2. Albeit a significant scatter, a trend with
the effective temperature can be easily recognised. To our knowl-
edge, the origin of this discrepancy remains unknown. Several
8 http://stev.oapd.inaf.it/cgi-bin/param
Fig. 1. Comparison between our spectroscopically derived Teff and
those obtained from (B − V) colours. The upper panel shows the dif-
ferences between the photometric and the spectroscopic values. Mean
uncertainties in the derived temperatures are also shown.
Fig. 2. Top panel: comparison between our spectroscopically derived
log g values and log g estimates based on Hipparcos parallaxes. Mean
uncertainties in log g values are shown. Bottom panel: differences in
log g (defined as evolutionary - spectroscopic) as a function of the spec-
troscopic Teff . A linear fit is shown (dashed line).
explanations have been put forward like departures from LTE or
granulation and activity effects, but it might as well have an ori-
gin related to the relatively small number of Fe ii lines present
in the spectra of cool dwarfs (e.g. Tsantaki et al. 2013, and ref-
erences therein).
The discrepancy between log gspec and log gevol should not af-
fect the other stellar parameters. Temperatures and metallicities
derived using the ionisation and excitation equilibrium of iron
have been shown to be mostly independent of the adopted sur-
face gravity (Torres et al. 2012). Abundances derived from neu-
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Table 2. Spectroscopic parameters with uncertainties for the stars measured in this work. Columns 7 and 9 give the mean iron abundance derived
from Fe I and Fe II lines, respectively, while columns 8 and 10 give the corresponding number of lines. The rest of the columns are self-explanatory.
Only the first five lines are shown here; the full version of the table is available on line.
HIP HD Teff log g ξt [Fe/H] 〈A(Fe I)〉 nI 〈A(Fe II)〉 nII Spec.†
(K) (cms−2) (kms−1) dex
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Sun 5784 ± 15 4.51 ± 0.03 1.01 ± 0.09 0.02 ± 0.01 7.52 ± 0.02 253 7.52 ± 0.02 26 5
Stars with known debris discs.
171 224930 5354 ± 15 4.32 ± 0.04 0.74 ± 0.12 -0.83 ± 0.01 6.67 ± 0.02 208 6.67 ± 0.02 18 5
490 105 5967 ± 35 4.52 ± 0.08 1.76 ± 0.26 -0.16 ± 0.03 7.35 ± 0.04 151 7.34 ± 0.05 19 7
544 166 5584 ± 20 4.73 ± 0.05 1.22 ± 0.16 0.15 ± 0.02 7.65 ± 0.03 256 7.65 ± 0.03 21 5
1598 1562 5768 ± 20 4.56 ± 0.04 1.12 ± 0.13 -0.27 ± 0.02 7.23 ± 0.02 205 7.23 ± 0.03 17 1
1599 1581 5877 ± 20 4.25 ± 0.04 1.13 ± 0.14 -0.24 ± 0.02 7.26 ± 0.02 221 7.26 ± 0.03 23 6
Notes. †Spectrograph: (1) CAHA/FOCES; (2) TNG/SARG; (3) NOT/FIES; (4) MERCATOR/HERMES; (5) S4N-McD; (6) S4N-FEROS; (7)
ESO/FEROS; (8) ESO/HARPS
tral lines are mostly independent of the surface gravity whilst
abundances from single ionised atoms are known to scale with
gravity (Gray 2008). We therefore do not expect surface grav-
ity to introduce significant effects on the computation of indi-
vidual chemical abundances from non-ionised species. In this
line, Mortier et al. (2013) computed chemical abundances of 90
stars with transiting exoplanets using spectroscopic log g values
and log g estimates derived using the stellar density determined
from the light curve. They found that only the abundances from
ionised species are significantly affected.
We finally compare our metallicities with those already re-
ported in the literature. Values for the comparison are taken
from purely spectroscopic works: MA12 as a consistency dou-
ble check; the studies of Sousa et al. (2008, 2011a,b, hereafter
SO08) which use a similar approach (iron ionisation and excita-
tion conditions) to this paper; and from Fischer & Valenti (2005,
hereafter VF05) whose parameters are determined by fitting the
observed spectra to synthetic models. The comparison is shown
in Figure 3.
Our sample contains 116 stars in common with MA12 and
we note that the mean difference between our metallicities and
those reported in MA12 is -0.00 dex (σ = 0.08 dex). 56 stars
are in common with SO08, being the mean difference +0.00 dex
with a RMS standard deviation of 0.08 dex. Finally, for the com-
parison with VF05, we obtain a mean ∆[Fe/H] = +0.02 dex, with
σ = 0.08 dex (173 stars in common). In addition, there are no
significant differences between our metallicity scale (zero point,
slope) and those defined in MA12, SO08, and VF05 works. We,
therefore, conclude that there are no systematic differences be-
tween our derived metallicities and other spectroscopic estimates
in the literature.
2.6. Abundances
Chemical abundance of individual elements, C, O, Na, Mg, Al,
Si, S, Ca, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, and Zn are obtained
using the 2014 version of the code MOOG9 (Sneden 1973) to-
gether with ATLAS9 atmosphere models (Kurucz 1993). Abun-
dances of Sc, Ti, and Cr, were obtained by using lines of the neu-
tral atom as well as from lines of the single ionized atoms. As it
is common in the literature, through this paper we will use X i to
refer to the abundances of X computed from lines of the neutral
9 http://www.as.utexas.edu/~chris/moog.html
Fig. 3. [Fe/H] values, this work, versus literature estimates. Mean un-
certainties in the metallicities are shown in the upper left corner of the
figure. The upper panel shows the differences between the metallicities
derived in this work and the values given in the literature.
atom, while X ii means abundance of X derived from lines of
the single ionised species. The measured equivalent widths of a
list of narrow, non-blended lines for each of the aforementioned
species are used as inputs. The selected lines are taken from
the lists provided by Neves et al. (2009, Table 2), Ramírez et al.
(2014, Table 4) for C, O, S, and Cu, and Takeda & Honda (2005,
Table 1) in the case of Zn. For completeness the line list used
here is reproduced in Table 3.
The O i triplet lines at 777 nm are known to be severely af-
fected by departures from LTE (e.g. Kiselman 1993, 2001). To
account for non-LTE effects the prescriptions given by Takeda
(2003) were followed. These corrections are essentially deter-
mined by the line EW and the stellar parameters Teff, log g, and
ξt. Although they do not contain an explicit dependence on the
stellar metallicity, we note that stars with less metals are ex-
pected to have weaker EWs.
Hyperfine structure (HFS) was taken into account for V i,
Co i, and Cu i, using the MOOG driver blends with the wave-
lengths and relative log g f values listed in Ramírez et al. (2014,
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Table 3. Wavelength, excitation potential (EP), and oscillator strength
log(g f ) for the lines selected in the present work. The full version of the
table is only available in the on line version.
Ion Wavelength (Å) EP (eV) log(g f ) Ref.
C i 6587.61 8.54 -1.021 RA14
C i 7111.47 8.64 -1.074 RA14
C i 7113.18 8.65 -0.762 RA14
...................
Zn i 4810.54 4.08 -0.29 TA05
Zn i 6362.35 5.79 0.09 TA05
Notes. RA14: Ramírez et al. (2014), NE09: Neves et al. (2009) VALD:
Piskunov et al. (1995); Kupka et al. (1999), TA05: Takeda & Honda
(2005)
Table 4). Wavelengths and log g f values for the “unresolved
line” are from the VALD10 database (Piskunov et al. 1995;
Kupka et al. 1999). Another element whose abundance is known
to be affected by HFS effects is Mn i. Ramírez et al. (2014) pro-
vides HFS data for two Mn i lines. We note, however, a signifi-
cant offset between the HFS abundance of Mn i derived from the
4502.20 Å line and the abundance obtained from the 6021.80
Å line; while the latter gives abundances which are in agree-
ment with the non-HFS derived ones, HFS abundances derived
from the 4502.20 Å line are systematically lower by ∼ 0.4 (e.g.,
log ǫMnI4502.20⊙ = 4.89, log ǫMnI6021.80⊙ = 5.46). Because of this
difference we prefer not to take into account the HFS corrections
for Mn i.
In general, there is a good agreement between the abun-
dances of a given element computed from lines of the neu-
tral atom, and those computed using lines of the single ionised
species, although we note a tendency of abundances from neu-
tral ions to be slightly shifted towards higher values for Sc
and Ti. This behaviour is not reproduced in the abundances of
Chromium where Cr i and Cr ii are found to be essentially the
same at low values (log ǫCr . 5.7) while at higher abundances
there seems to be a trend of slightly larger Cr ii abundances.
The solar spectrum provided in the “S4N”
(Allende Prieto et al. 2004) library has been used to derive
our own solar reference abundances which are given in Table 4.
Our derived solar abundances are in reasonable agreement with
recent determinations (e.g. Asplund et al. 2009; Scott et al.
2014b,a; Grevesse et al. 2014), with the only exception of Zn I
for which we obtain a significantly higher abundance.
We have selected four “representative” stars covering the
whole Teff range in order to provide an estimate on how the
uncertainties in the atmospheric parameters propagate into the
abundance calculation, namely HIP 23311 (4848 K), HIP 77408
(5340 K), HIP 113044 (5976 K), and HIP 28767 (6241 K). These
stars have been selected since their Teff are similar to the 10%,
25%, 75%, and 99% percentiles of the temperature distribution.
Abundances for each of these four stars were recomputed using
atmosphere models with Teff + ∆Teff, Teff - ∆Teff , and similarly
for log g and ξt. Results are given in Table 5. As final uncer-
tainties for the derived abundances, we give the quadratic sum
of the uncertainties due to the propagation of the errors in the
stellar parameters, plus the line-to-line scatter errors (assuming
a Gaussian statistics, they are computed as σ/
√
N, where σ is
the standard deviation of the derived individual abundances from
the N lines). We would like to point out that even these uncer-
10 http://vald.astro.univie.ac.at/~vald/php/vald.php
Table 4. Derived solar abundances (log ǫX⊙), with their corresponding
line-to-line scatter error (σ/√N), and number of lines (N).
Ion log ǫX⊙ Error N
C I 8.53 0.04 5
O I (nLTE) 8.79 0.04 3
Na I 6.38 0.01 3
Mg I 7.62 0.02 2
Al I 6.48 0.01 2
Si I 7.60 0.01 17
S I 7.20 0.09 3
Ca I 6.42 0.02 12
Sc I 3.16 0.01 2
Sc II 3.20 0.03 6
Ti I 5.02 0.01 28
Ti II 5.04 0.01 8
V I (HFS) 3.91 0.03 14
Cr I 5.68 0.01 20
Cr II 5.67 0.01 2
Mn I 5.43 0.01 5
Co I (HFS) 4.95 0.03 4
Ni I 6.29 0.01 43
Cu I (HFS) 4.29 0.07 2
Zn I 4.75 0.05 2
tainties should be considered as lower limits, given that the er-
rors in the stellar parameters are only statistical (as explained in
Section 2.4), and the abundance estimates are affected by sys-
tematics which are not taken into account in line-to-line errors
(e.g. atomic data or uncertainties in the atmosphere models). Our
obtained final abundances are given in Table 11, which is only
available on line.
3. Analysis
3.1. Metallicity distributions
The cumulative distribution function of the metallicity for the
different samples analysed in this work is presented in Figure 4.
For guidance some statistical diagnostics are also given in Ta-
ble 6. We note that statistics corresponding at the different sam-
ples of planet hosts should be considered with caution given their
small sizes.
The SWP sample has been divided into stars hosting ex-
clusively cool distant Jupiters (semimajor axes, a > 0.1 au, 17
stars), and stars hosting hot close-in planets (a < 0.1 au, 5 stars)
given the higher frequency of planets with a . 0.07 au shown in
the semimajor axis distribution of close-in gas giant planets, see
Wright et al. (2009, Figure 9) and Currie (2009, Figure 1). Stars
harbouring only low-mass planets (with Mp sin i values below
∼ 30 M⊕, 7 stars) have also been considered as a different sub-
sample, since their host stars seem to show different properties
with respect to stars hosting gas giant planets (see Section 1).
Low-mass and gas giant planets might coexist. Indeed, two of
our stars harbouring a low-mass planet do also host at least one
cool Jupiter. A remarkable case is HIP 43587 (55 Cnc), a high-
metallicity star (+0.42 dex) harbouring a five planetary system
including three hot Jupiters, one low-mass planet, and one cool
Jupiter.
As in MA12, we find the metallicity distribution of SWDs
and SWODs to be similar. Indeed, a two sample Kolmogorov-
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Table 5. Abundance sensitivities. It shows how the derived abundances
change when each stellar parameter is perturbed by its corresponding
uncertainty.
HIP 23311 HIP 77408
Ion
∆Teff ∆log g ∆ξt ∆Teff ∆log g ∆ξt
±43 ±0.11 ±0.41 ±25 ±0.06 ±0.17
(K) (cms−2) (kms−1) (K) (cms−2) (kms−1)
C I 0.06 0.03 <0.01 0.02 0.02 <0.01
O I 0.07 0.03 0.01 0.03 0.02 0.01
Na I 0.04 0.04 0.04 0.02 0.01 0.01
Mg I 0.01 0.02 0.03 0.01 0.01 0.02
Al I 0.02 0.02 0.04 0.01 <0.01 0.01
Si I 0.02 0.02 0.01 0.01 0.01 0.01
S I 0.05 0.03 <0.01 0.02 0.02 <0.01
Ca I 0.04 0.03 0.05 0.02 0.02 0.03
Sc I 0.05 0.02 0.09 0.03 <0.01 0.01
Sc II 0.01 0.04 0.06 <0.01 0.02 0.03
Ti I 0.05 0.03 0.10 0.03 <0.01 0.04
Ti II 0.01 0.04 0.06 <0.01 0.02 0.03
V I 0.06 0.02 0.09 0.03 <0.01 0.01
Cr I 0.03 0.02 0.07 0.02 0.01 0.03
Cr II 0.03 0.04 0.05 0.01 0.02 0.03
Mn I 0.02 0.03 0.07 0.02 <0.01 0.04
Co I <0.01 0.04 0.01 0.01 0.01 <0.01
Ni I <0.01 0.01 0.05 0.01 0.01 0.02
Cu I 0.02 0.03 0.04 <0.01 0.02 <0.01
Zn I 0.02 0.01 0.06 0.01 0.01 0.03
HIP 113044 HIP 28767
Ion
∆Teff ∆log g ∆ξt ∆Teff ∆log g ∆ξt
±20 ±0.05 ±0.12 ±25 ±0.05 ±0.16
(K) (cms−2) (kms−1) (K) (cms−2) (kms−1)
C I 0.01 0.01 <0.01 0.01 0.01 <0.01
O I 0.02 0.02 0.02 0.01 0.01 0.01
Na I 0.01 0.01 0.01 0.01 0.01 0.01
Mg I 0.01 0.01 0.02 0.01 0.01 0.02
Al I 0.01 <0.01 0.01 0.01 <0.01 0.01
Si I <0.01 <0.01 0.01 0.01 <0.01 0.01
S I 0.01 0.01 0.01 0.01 0.01 0.01
Ca I 0.01 0.01 0.03 0.02 0.01 0.03
Sc I 0.02 <0.01 <0.01 0.02 <0.01 <0.01
Sc II <0.01 0.02 0.03 <0.01 0.02 0.03
Ti I 0.02 <0.01 0.01 0.02 <0.01 0.01
Ti II <0.01 0.02 0.03 <0.01 0.02 0.04
V I 0.02 <0.01 <0.01 0.02 <0.01 <0.01
Cr I 0.01 <0.01 0.02 0.02 <0.01 0.03
Cr II 0.01 0.02 0.04 <0.01 0.02 0.05
Mn I 0.01 <0.01 0.03 0.02 <0.01 0.03
Co I 0.02 <0.01 <0.01 0.02 <0.01 <0.01
Ni I 0.01 <0.01 0.02 0.02 <0.01 0.01
Cu I 0.01 <0.01 <0.01 0.01 <0.01 <0.01
Zn I <0.01 <0.01 0.04 0.01 0.01 0.04
Smirnov test (hereafter K-S test) 11 shows that both distributions
are quite similar (p-value 51%). Results are given Table 7 which
provides the value of the K-S statistic (D), its significance level
(p) and the effective size (neff). Further details regarding the K-S
test can be found in MA12 (Appendix A).
In MA12 when comparing the metallicity distribution of
SWDs and SWODs, a “deficit” of stars with debris discs at
metallicities below approximately -0.1 dex was found. We cer-
tainly do not reproduce this result in this work but we caution
that the sample sizes analysed here are smaller than in MA12.
Further observations would be required to clarify this point.
We find that the metallicity distribution of SWDPs is clearly
different from the one of SWDs and similar to the one of the
stars harbouring cool giant planets. A K-S test confirms that
the metallicity distribution of SWDPs differ within a confidence
level greater than 98% from those of SWDs and SWODs, while
the K-S test reveals the distributions of SWDPs is very simi-
11 Performed with the IDL Astronomy User’s Library routine kstwo,
see http://idlastro.gsfc.nasa.gov/
Table 6. [Fe/H] statistics of the stellar samples.
S ample Mean Median Deviation Min Max N
SWDs -0.11 -0.05 0.25 -0.87 +0.37 68
SWODs -0.09 -0.07 0.24 -0.84 +0.37 119
SWDPs +0.06 +0.05 0.17 -0.38 +0.32 31
Cool Jupiters +0.13 +0.08 0.20 -0.21 +0.50 17
Hot Jupiters +0.27 +0.23 0.15 +0.04 +0.49 5
Low-mass planets -0.14 -0.26 0.21 -0.35 +0.26 7
Low-mass + Cool +0.23 +0.25 0.02 +0.21 +0.25 2
Low + Cool + Hot +0.42 1
Disc + Cool Jupiters +0.11 +0.16 0.14 -0.11 +0.32 21
Disc + Hot Jupiters +0.15 +0.26 0.11 +0.04 +0.26 2
Disc + Low-mass planets -0.08 -0.01 0.17 -0.38 +0.16 8
Fig. 4. Histogram of [Fe/H] cumulative frequencies for the different
samples studied in this work. The SWP sample is divided into stars host-
ing exclusively cool distant Jupiters, stars hosting hot close-in planets,
and stars with orbiting exclusively low-mass planets. Stars with both
low-mass and gas giant planets are not shown.
lar to the one of cool giant hosts (p-value 81%), see Table 7.
Eight SWDPs host at least one low-mass planets. We note that
the metallicities of these stars are . +0.05 dex with only one
exception, HIP 1499.
We therefore conclude that the SWDP sample reproduces the
known behaviour of the planet hosts, showing the metal-rich sig-
nature only when the planet is a gas giant one (e.g. Gonzalez
1997; Santos et al. 2004; Fischer & Valenti 2005) and not in
the case of exclusively low-mass planets (Ghezzi et al. 2010;
Mayor et al. 2011; Sousa et al. 2011b; Buchhave et al. 2012).
We note that there seems to be a scarcity of hot Jupiters in
SWDPs with only two stars harbouring simultaneously a debris
disc and a hot Jupiter. Regarding the metallicity distribution of
hot Jupiters hosts, we find these stars to be more metal-rich than
stars hosting exclusively cool distant planets, as already noted
in MA12. However, we caution that the K-S test produces in-
conclusive results; the probability of both samples showing sim-
ilar distributions being 20%. This trend has been previously dis-
cussed in Gonzalez (1998); Queloz et al. (2000); Sozzetti (2004)
and more recently in Adibekyan et al. (2013). A more extensive
discussion is provided in Appendix B.
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Table 7. Results of the K-S tests performed in this work. We consider a
confidence level of 98% in order to reject the null hypothesis H0 (both
samples coming from the same underlying continuous distribution).
Sample 1 Sample 2 n1 n2 neff D p H‡0
SWDS SWODs 68 119 43 0.12 0.51 0
SWDPs SWODs 31 119 25 0.31 0.01 1
SWDPs SWDs 31 68 21 0.39 ∼ 10−3 1
SWDPs Cool 31 17 11 0.18 0.81 0
Cool SWODs 17 119 15 0.37 0.02 0
Cool SWDs 17 68 14 0.47 ∼ 10−3 1
Hot Cool 5 17 4 0.51 0.19 0
Low-mass Cool 7 17 5 0.66 0.01 1
Notes. D is the maximum deviation between the empirical distribution
function of the samples 1 and 2. p corresponds to the estimated likeli-
hood of the null hypothesis, a value which is known to be reasonable
accurate for sample sizes for which neff ≥ 4. ‡ (0): Accept null hypothe-
sis; (1): Reject null hypothesis.
Fig. 5. [X/Fe] cumulative fraction of SWDs (blue dashed line) and
SWODs (black continuous line).
3.2. Other chemical signatures
In order to find differences in the abundances of other chemical
elements besides iron, the cumulative distribution [X/Fe] com-
paring the abundances between SWDs and SWODs is shown in
Figure 5. Some statistical diagnostics are also presented in Ta-
ble 8, where the results of a K-S test for each ion are also listed.
For each star, abundances with large errors (uncertainties greater
than 0.30 dex) were excluded from this exercise.
Similar behaviour between stars with debris discs and stars
without known discs is found. Indeed from the 20 chemical
species analysed, the K-S accepts the null hypothesis (i.e. SWDs
SWODs distributions being drawn from the same parent popula-
tion) in 19. The only exception is the Cu i abundance for which
the K-S test returns a probability of the null hypothesis lower
than 0.01. We also note that the K-S probability corresponding
to the Zn i in significantly low, of the order of 0.04 (although the
null hypothesis is not rejected). Nevertheless, we caution that
abundances of Cu i, and Zn i are based on only two lines. Fur-
thermore Cu i abundance is severely affected by HFS effects.
Table 8. Comparison between the elemental abundances of SWODs and
SWDs.
SWODs SWDs K-S test
[X/Fe]
Median Deviation Median Deviation D p-value neff
C i 0.07 0.34 0.01 0.33 0.15 0.30 38
O i 0.02 0.15 0.03 0.19 0.08 0.96 36
Na i -0.01 0.11 -0.01 0.10 0.09 0.82 43
Mg i 0.02 0.12 0.00 0.12 0.18 0.10 43
Al i 0.05 0.12 0.03 0.15 0.12 0.55 39
Si i 0.02 0.06 0.01 0.07 0.11 0.63 43
S i -0.01 0.18 -0.03 0.17 0.18 0.25 32
Ca i -0.01 0.10 0.00 0.10 0.06 >0.99 43
Sc i -0.01 0.20 -0.01 0.11 0.11 0.80 32
Sc ii -0.07 0.09 -0.07 0.07 0.12 0.54 43
Ti i 0.02 0.08 0.00 0.08 0.19 0.08 43
Ti ii -0.01 0.09 -0.02 0.09 0.14 0.36 42
V i 0.04 0.11 0.05 0.11 0.09 0.88 43
Cr i 0.00 0.04 0.00 0.04 0.12 0.56 43
Cr ii 0.02 0.07 0.02 0.08 0.11 0.64 42
Mn i 0.00 0.11 -0.01 0.11 0.08 0.91 42
Co i -0.03 0.10 -0.03 0.10 0.10 0.83 38
Ni i -0.04 0.04 -0.04 0.04 0.09 0.86 43
Cu i -0.04 0.27 -0.20 0.23 0.30 <0.01 33
Zn i -0.02 0.17 -0.07 0.15 0.21 0.04 42
3.3. [X/Fe]-TC trends in SWDPs
Another way of searching for chemical differences is to study
possible trends between the abundances and the elemental con-
densation temperature, TC. For each of the stars analyzed in this
work, the [X/Fe] trend as a function of the TC was obtained. TC
values correspond to a 50% equilibrium condensation tempera-
ture for a solar system composition gas (Lodders 2003). Each
trend is characterised by a linear fit, weighting each abundance
by its corresponding uncertainty 12. Given the relatively low
number of volatile elements considered in this work and the fact
that their abundances are in general more difficult to obtain accu-
rately (few lines that can be blended, non-LTE effects), we com-
pute the slope of the [X/Fe] vs. TC fit considering all (refractories
and volatiles) elements (TallC -slope) and considering only refrac-
tories (TrefracC -slope). Following the discussion in Ramírez et al.(2010, Section 5.3) we consider as volatile those elements with
TC lower than 900 K, namely C, O, S, and Zn.
The cumulative distribution functions of TallC -slope, and
TrefracC -slope are shown in Figure 6 for the SWOD sample (black
crosses), the SWD sample (blue asterisks), and the the SWDP
sample (green triangles). The TallC -slope distribution is on the left
panel whilst the distribution of TrefracC -slope is shown on the right
one. Several interesting trends emerge from this figure. First,
when considering the cumulative distribution of TallC -slope (left),
all the samples considered here, SWDs, SWODs, and SWDPs,
show similar distributions. However, if we consider only refrac-
tory elements (right), the SWDP sample seems to behave in a
different way with respect to the SWOD and SWD samples.
It can be seen that SWDPs seem to have slightly more nega-
tive values of TrefracC -slope than the other two samples, in par-
ticular at slopes above -1×10−4 dex/K. Statistically, this differ-
ent behaviour of SWDPs in TrefracC -slope seems to be significant
with K-S p-probabilities of the order of ∼ 0.03 when comparing
SWDPs and SWODs, and of the order of ∼ 0.01 when SWDPs
are compared to SWDs.
Mean abundances for each of the samples (SWDS, SWODs,
SWDPs) were also computed, and TallC -slope, TrefracC -slope de-
12 Note that our abundances are given with respect to the Sun,
while other works compute the abundance difference Star - Sun (e.g.
Meléndez et al. 2009; González Hernández et al. 2013).
Article number, page 8 of 41
J. Maldonado et al.: Searching for signatures of planet formation in stars with circumstellar debris discs
Fig. 6. Histogram of [X/Fe]-TC slopes derived when all elements (volatiles plus refractories) are taken into account (left) and when only refractories
are considered (right).
rived. As errors we considered the star-to-star scatter. As ex-
plained above, each trend is characterised by a linear fit. Two
different fits were performed, one weighting each element by its
corresponding error and another one without weighting. The cor-
responding plots are shown in Figure 7, and a summary of the fits
is shown in Table 9. To give a significance for the derived slopes
a Monte Carlo simulation was carried out. We created 10000
series of simulated random abundances and errors, keeping the
media and the standard deviation of the original data. For each
series of simulated data the corresponding TC-slope was derived.
Assuming that the distribution of the simulated slopes follows a
Gaussian function we then compute the probability that the sim-
ulated slope takes the value found when fitting the original data.
In the left panel, when all elements (volatiles and refracto-
ries) are considered, the unweighted fits (continuous line) re-
veal a different behaviour of SWDPs with respect to the samples
of stars without known planetary companions. SWDP shows a
slightly positive slope while the slope of the SWODs and SWDs
seems to be negative. The analysis of the significance of the
slopes does however introduce a word of caution since these
trends seems to be at least tentative (see Table 9). In fact, when
the linear fit is done by weighting each element by its corre-
sponding error (dashed lines) the suggested trends tend to dis-
appear and SWODs, SWDs, and SWDPs seem to show similar
positive slopes. The significance of the weighted fits are rather
moderate (probability of the slope “being by chance” ≤ 23%).
When only refractory elements are considered (right panel),
in the unweighted fits (continuous line) SWDs and SWODs
show a positive trend, whilst SWDPs follow a slightly negative
tendency. In this case, the different sign of SWDPs with respect
to SWDs and SWODs is also present in the weighted fits (dashed
lines). The significance of the TrefracC -slope fits are in all cases(weighted and weighted fits) moderate (probability of the slope
“being by chance” between 8 and 20%) with the only exception
of the unweighted fit of the SWDP sample (62%).
3.4. Comparison with planet hosts
The <[X/Fe]>-TC of the SWDP sample can also be compared
with the results from our sample of stars hosting cool giant plan-
ets, hot close-in Jupiters, and low-mass planets. For this purpose
the SWDP sample has been divided into stars with discs and cool
Table 9. Results of the <[X/Fe]>-TC linear fits. For each fit its proba-
bility of slope “being by chance” (prob.) is also given.
All elements
Sample Weighted fit Unweighted fit
slope (×10−5dex/K) prob. slope (×10−5dex/K) prob.
SWODs 0.38 0.13 -3.62 0.31
SWDs 1.60 0.10 -1.89 0.62
SWDPs 0.09 0.23 1.14 0.59
Cool 3.83 0.18 3.18 0.32
Low-mass -0.59 0.16 -4.73 0.34
Hot 20.62 0.04 6.92 0.50
Low-mass + Cool -11.65 0.10 -1.60 0.67
Disc + Cool -0.14 0.22 2.74 0.33
Disc + Low -0.65 0.31 -3.43 0.32
Disc + Hot -3.68 0.04 -0.47 0.69
Only refractory
Sample Weighted fit Unweighted fit
slope (×10−5dex/K) prob. slope (×10−5dex/K) prob.
SWODs 7.69 0.10 9.64 0.12
SWDs 6.50 0.08 15.00 0.19
SWDPs -1.92 0.17 -2.35 0.62
Cool 2.33 0.19 -0.75 0.70
Low-mass 15.62 0.13 6.87 0.53
Hot 23.03 0.03 14.36 0.55
Low-mass + Cool -24.75 0.08 -19.32 0.26
Disc + Cool -7.09 0.15 -3.87 0.50
Disc + Low 6.96 0.22 4.17 0.60
Disc + Hot -5.40 0.12 -24.79 0.12
giant planets, stars with discs and low-mass planets, and stars
harbouring discs and hot Jupiters. The corresponding trends are
shown in Figure 8 where each planet host subsample (cool, low-
mass, or hot planets) is compared with its corresponding SWDP
subsample (disc and cool, disc and low-mass, disc and hot plan-
ets). The fits results are given in Table 9. Several conclusions can
be drawn from this analysis.
We first note that SWDP seem to behave in a similar way
as stars with known planets. It can be easily seen in the left
panel of Figure 8 (i.e. when all the elements are considered) that
this statement holds for stars hosting cool Jupiters and low-mass
planets. A similar behaviour is found when only refractory ele-
ments are considered (right panel).
Second, there seems to be a hint for low-mass planet hosts to
show a different behaviour in the unweighted fits in comparison
with stars with gas giant planets. This is true for both TallC (low-
mass planet hosts show negative slopes whilst cool Jupiters hosts
show positive slopes) and TrefC analysis (positive slopes for stars
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Fig. 7. <[X/Fe]>-TC trends for the SWOD, SWD, and SWDP samples when all elements (volatiles and refractories) are taken into account (left)
and when only refractories are considered (right). For the sake of clarity, an offset of -0.50 dex was applied between the samples. Unweighted fits
are shown by continuous lines, while weighted fits are plotted in dashed lines. For guidance, the derived slopes from the unweighted fits are shown
in the plots (units of 10−5 dex/K).
with low-mass planets, negatives for stars with cool Jupiters).
This trend seems to be also present in the weighted fits for all
elements.
We note at this point that we have classified as stars with low-
mass planets those stars hosting exclusively these kind of planets
(i.e., without giant Jupiters). We have two stars harbouring si-
multaneously low-mass and cool Jupiters 13. Their<[X/Fe]>-TallC
trends are compared with cool Jupiters hosts and low-mass plan-
ets hosts in Figure 9. It can be seen that stars with low-mass and
cool planets do not seem to behave as stars with exclusively low-
mass planets. In particular, in the TrefC analysis, where stars with
low-mass and cool planets show a clear negative slope whilst
stars with only low-mass planets show a positive one.
Setting together the results from the analysis of Figures 7,
8, and 9 it seems that the slopes in the unweighted TallC analysis
tend to be negative, unless the star host a Jupiter (stars with cool
Jupiters, hot Jupiters, and debris plus cool Jupiters). On the other
hand, in the unweighted TrefC fits the slopes tend to be positive in
all samples, but negative in those samples hosting a cool gas gi-
ant planet (stars with cool Jupiters, with debris plus cool Jupiters,
with low-mass planets and cool Jupiters, and also stars with de-
bris and hot Jupiters). In other words, the samples of stars with
cool giant planets seem to behave in a different way with respect
to the non planet hosts samples.
Finally, and despite our low statistics (only five stars), it is
worth to mention that the sample of stars hosting hot Jupiters
(Figure 8) show in all cases (all elements, only refractories,
weighted, and unweighted fits) a clear positive slope (only
SWDs and SWODs in the unweighted TrefC analysis show pos-
itive slopes of similar values). There is however a clear disagree-
ment between stars with hot Jupiters and the behaviour of the
stars hosting simultaneously a debris discs and hot Jupiters. The
reasons of this discrepancy can be found in the low number of
stars in both samples, but perhaps, as well as in their clearly dif-
ferent mean abundance of copper. We also note, that none of the
stars in the hot Jupiters host sample have a reliable oxygen abun-
dance.
13 HIP 43587 is not considered since it also hosts several hot Jupiters.
4. Discussion
In a recent work Meléndez et al. (2009, hereafter ME09), reports
a “deficit” of refractory elements in the Sun with respect to other
solar twins. After discussing several possible origins, the authors
conclude that the most likely explanation is related to the for-
mation of planetary systems like our own, in particular to the
formation of rocky low-mass planets. A similar conclusion was
reached by Ramírez et al. (2009), and Gonzalez et al. (2010). Al-
though very appealing, ME09 hypothesis has however been chal-
lenged. Instead other works point rather towards Galactic Chem-
ical Evolution effects as the cause of the detected small chemi-
cal depletion’s (González Hernández et al. 2010, 2013) or/to an
age/Galactic birth place explanation (Adibekyan et al. 2014).
In the previous section several interesting (although some
certainly tentative) trends in planet hosts have been found: i)
There seems to be no chemical differences between SWDs and
SWODs; ii) SWDPs behave as stars with planets; iii) Stars with
low-mass planets do not seem to behave in different way with re-
spect to the SWD and SWOD samples; iv) The samples of stars
with cool Jupiters seem to be the ones that might follow a differ-
ent trend with respect to the SWD and SWOD samples; and v)
Stars hosting hot Jupiters seem to show positive slopes. At this
point, in order to understand the origin and significance of these
findings, two main questions should be discussed: a) Might the
<[X/Fe]>-TC trends be influenced by effects of metallicity, age,
or galactocentric distance?, and b) Do these <[X/Fe]>-TC trends
fit in the framework of ME09 hypothesis?.
4.1. Age, metallicity and Galactocentric distance effects
Abundance patterns may be affected by Galactic Chemical Evo-
lution effects (GCE effects). González Hernández et al. (2013)
accounts for these effects by fitting straight lines to the [X/Fe]
versus [Fe/H] plots. The obtained trends are then removed from
the original [X/Fe] data. Ramírez et al. (2014), however, argues
that correcting from GCE effects in this manner may prevent us
from finding elemental depletions due to planet formation.
A way to disentangle the effects due to chemical evolution
from those related to fractionated accretion is to analyze the de-
pendence of the TC slope as a function of the stellar metallicity.
When considering all elements, abundances of C i and O i tend
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Fig. 8. <[X/Fe]>-TC trends for planet host stars. The stars are divided into six categories, three of them corresponding to stars with known
planets but no debris discs, namely, stars hosting cool Jupiters (light-blue open circles), low-mass planet hosts (pink earth symbols), and stars
hosting hot Jupiters (red filled circles). The SWDP sample is divided into the same categories: stars with debris discs and cool Jupiters (pink
filled squares), debris discs and low-mass planets (cyan filled stars), and stars harbouring debris discs and hot Jupiters (light green asterisks).
Each planet host subsample is shown against its corresponding SWDP subsample (e.g, stars with cool Jupiters versus stars with discs and Cool
Jupiters) with an offset of -0.15 between the samples for the sake of clarity. The offset between the samples of cool, low-mass, and hot Jupiters
hosts is -0.75. Unweighted fits are shown by continuous lines, while weighted fits are plotted in dashed lines. For guidance, the derived slopes
from the unweighted fits are shown in the plots (units of 10−5 dex/K). The left panel shows the <[X/Fe]>-TC trends when all elements (volatiles
and refractories) are taken into account whilst the right one shows the <[X/Fe]>-TC trends when only refractories are considered.
Fig. 9. <[X/Fe]>-TC trends for stars with cool Jupiters (light-blue open circles), stars with exclusively low-mass planets (pink earth symbols),
and stars with low-mass planets and cool Jupiters (purple open diamonds). For the sake of clarity, an offset of -0.75 dex was applied between
the samples. For guidance, the derived slopes from the unweighted fits are shown in the plots (units of 10−5 dex/K). The left panel shows the
<[X/Fe]>-TC trends when all elements (volatiles and refractories) are taken into account whilst the right one shows the <[X/Fe]>-TC trends when
only refractories are considered.
to rise towards lower metallicities, producing negative slopes in
the abundance vs. TC plot for stars with low metallicities (e.g.
Ecuvillon et al. 2006, and references therein). The TallC -slope vs[Fe/H] plot for our stars is explored in Figure 10 (left) where it
can be seen that no clear trend is found. We recall at this point,
that our abundance ratios as a function of the stellar metallicity
are consistent with previous works (see Appendix C).
However, when considering the TrefC -slope (Figure 10, right)
a trend of of decreasing slopes towards high metallicities seems
to be present (negative in this case since the abundances of C i
and O i are not considered). A Spearman’s correlation test shows
that the correlation, although moderate (ρ= -0.50), seems to be
highly significant (prob ∼ 10−17). The possibility that GCE ef-
fects affect our abundance analysis can therefore not be ruled
out.
The observed correlation between the presence of gas-giant
planets and enhanced metallicity has been widely debated in
the context of two different scenarios of planet formation, core-
accretion and disc instabilities. Little attention has been paid
to other lines of argument. In particular, Haywood (2009) sug-
gested a possible inner-disc origin of the planet hosts as a pos-
sible explanation. Recently, Adibekyan et al. (2014) found cor-
relations between the TC-slope and the stellar age, the surface
gravity, and the mean Galactocentric distance of the star, Rmean,
suggesting that the age and the Galactic birth place (and not the
presence of planets) are likely the parameters that determine the
chemical properties of the stars.
A similar search for correlations was performed in our
sample of planet hosts. Stellar ages from MA12 or de-
rived in the same manner were used. These ages are based
on the log R′HK activity index following the prescriptions of
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Fig. 10. TallC -slope (left) and TrefracC -slope (right) as a function of the stellar metallicity. A linear fit to the data is shown by the grey continuous line.
Results from the Spearman’s correlation test are shown in the lower left corner of the plot, while typical error bars are shown in the upper right
corner. Colours and symbols are as in Figure 4.
Mamajek & Hillenbrand (2008). As a consistency check, the TC-
age relationship was also studied by using the isochrone ages
provided by the PARAM code (da Silva et al. 2006). Regarding
the Galactic parameters, values for the mean Galactocentric radii
were taken from Casagrande et al. (2011).
The results (see, Figure 11) show a weak but significant cor-
relation with the stellar age. Results from a Spearman’s correla-
tion test provide: ρ= -0.02, prob ∼ 0.74 for TallC -isochrone age;
ρ= 0.14, prob ∼ 0.03 for TrefracC -isochrone age; ρ= 0.12, prob
∼ 0.09 for TallC -chromospheric age; ρ= -0.15, prob ∼ 0.03 for
TrefracC -chromospheric age. Our results confirm the findings by
Adibekyan et al. (2014) in the sense that a correlation between
TC-slope and age is likely to be present, although we find it to be
relatively weak.
We find, however, no clear correlation between TC-slope and
Rmean in disagreement with Adibekyan et al. (2014) although
these authors only suggest a tentative evidence (and not a strong
correlation). Furthermore, our abundance ratios are not corrected
from possible galactic chemical evolution effects. The plot of
TC-slope vs. Rmean is shown in Figure 12.
In order to test whether our results are affected or not by
chemical galactic effects (GCE), our abundances were corrected
following the procedure of González Hernández et al. (2013) al-
though we fitted the [X/H] versus [Fe/H] plane (see Figure C.1),
instead of the [X/Fe]-[Fe/H] plane (our Figure C.2). The reason
for doing so is the larger scatter found in the [X/Fe] versus metal-
licity plane probably due to the large number of stars as well
as the broader range of stellar parameters covered in this work.
Besides the expected trend of higher [X/H] values as we move
towards higher metallicities and a larger scatter in the elements
whose abundances are based on a smaller number of lines, no
other significant trend are revealed by the [X/H] versus [Fe/H]
plots.
As before, values of TallC -slope and T
refrac
C -slope were com-
puted for each individual star and a search for correlations with
the stellar radii, metallicity, age, and mean Galactocentric dis-
tance was performed. A summary of the results from the Spear-
man’s correlation tests are given in Table 10. It can be seen
that our results do not change significantly. The GCE-corrected
TrefracC -slope does not show any clear correlation with any of
Table 10. Results from the Spearman’s correlation tests between the
galactic chemical evolution effects corrected TC-slope and different stel-
lar properties.
Property All elements Only refractories
ρ prob. ρ prob.
Radius 0.54 ∼10−19 0.06 0.39
[Fe/H] -0.00 0.98 -0.06 0.32
Chromospheric Age 0.20 ∼10−3 -0.07 0.35
Evolutionary Age 0.03 0.63 -0.00 0.92
Rmean 0.03 0.67 -0.02 0.82
the mentioned stellar properties. As for the GCE-corrected TallC -
slope, it shows a weak but significant correlation with the stel-
lar age (but only when considering chromospheric ages) and a
moderate (ρ = 0.54) significant correlation with the stellar ra-
dius. These two correlations were also found without correcting
for GCE effects.
4.2. Abundance patterns and the presence of discs and
planets
The two first observational results of this work, the lack of a
chemical difference in SWDs with respect to SWODs, and the
fact that SWDPs behave in a similar way as stars with planets
(showing different <[X/Fe]>-TC trends when the planet is a cool
giant one, but not when the star hosts exclusively low-mass plan-
ets), indicate that it is the presence of planets, and not the pres-
ence of discs, the factor which reveals the chemical behaviour of
the corresponding star.
This was first established in MA12, although only on the
basis of metallicity distributions. This result fits well in the
framework of the core-accretion model of planet formation
(e.g. Pollack et al. 1996; Ida & Lin 2004; Hubickyj et al. 2005;
Mordasini et al. 2009, 2012), where the conditions for the for-
mation of debris are more easily met than the conditions for the
formation of gas-giant planets.
MA12 noticed that among the SWDP sample there were a
significant fraction of stars hosting low-mass planets, mainly in
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Fig. 11. TallC -slope (left) and TrefracC -slope (right) as a function of the log R′HK-derived ages (top panels) and isochrone ages (bottom panels). A linear
fit to the data is shown by the grey continuous line. Results from the Spearman’s correlation test are also shown in the plot. Colours and symbols
are as in Figure 4.
Fig. 12. TallC -slope (left) and TrefracC -slope (right) as a function of the mean Galactocentric distance of the stars. A linear fit to the data is shown by
the grey continuous line. Results from the Spearman’s correlation test are also shown in the plot. Colours and symbols are as in previous figures.
multiplanet systems. Wyatt et al. (2012) suggested that stars with
low-mass planets might be more likely to have detectable debris
discs, arguing that the same processes that lead to the formation
of low-mass planets may result in high levels of outer debris.
The lack of a metallicity enhancement in SWDs with respect to
SWODs, and the lower metallicities of stars with low-mass plan-
ets with respect to stars hosting gas-giant planets do certainly
support this hypothesis. In fact, additional evidence of the corre-
lation between the presence of dust, low-mass planets, and lower
stellar metallicities has been recently found by Marshall et al.
(2014). However, we caution that there are several biases that
might prevent us from finding a clear statistically significant cor-
relation (Moro-Martín et al. 2015).
In the framework of ME09 hypothesis, stars hosting low-
mass planets should show negative <[X/Fe]>-TC slopes. Since
low-mass planets might be common in SWDS, a search for cor-
relations between the properties of the dust and TallC -slope of
the stars with discs (SWDs and SWDPs) was performed. Ba-
sic physical parameters of the discs, fractional dust luminosity
Ldust/L⋆, dust temperature Tdust, and disc radius Rdisc are taken
from Eiroa et al. (2013) when possible since it constitutes an ho-
mogeneous database of debris disc parameters. Otherwise, these
values are taken from the literature (see MA12 and references
therein). The results from the statistical tests, see Figure 13,
show however no clear correlation between the properties of the
discs and the chemical composition of the star. In addition, no
significant difference in any of the considered properties between
the stars with debris discs and cool Jupiters and the SWDs has
been found14.
We should note at this point that the fact that we do not
find a clear chemical fingerprint of low-mass planet formation
in the SWDs as a whole does not contradict the idea that low-
14 There are very few discs and low-mass/hot Jupiters planets hosts with
data for performing a K-S test. Stars with lower/upper limits have not
been considered in the statistics.
Article number, page 13 of 41
A&A proofs: manuscript no. chemical_debris
Fig. 13. TallC -slope as a function of the dust parameters, fractional dust luminosity Ldust/L⋆ (left panel), dust temperature Tdust (middle panel), and
disc radius Rdisc. A linear fit to the data is shown by the grey continuous line. Results from the Spearman’s correlation test are also shown in the
plot (lower/upper limits are not considered in the statistics).
mass planets and discs might be a correlated phenomenon. First,
ME09 interpretation should be further confirmed. Second, there
are several biases in our analysis since the values of the dust
properties are taken from different sources. Furthermore values
of the disc radius are usually computed by assuming black body
emission which is known to underestimate the radial distance of
the dust from the star by a factor of up to four around G stars
(Marshall et al. 2011; Wyatt et al. 2012). Finally, the chemical
depletions we are looking for are small (∼ 0.08 dex) and in most
cases have been found by a differential analysis between stars
with very similar parameters (and mostly solar twins). A more
detailed differential analysis of individual SWD stars with re-
spect to their corresponding SWODs twins is deferred to a forth-
coming paper.
The second observational result of this work, i.e, the slopes
of stars hosting low-mass planets do not seem to support ME09
hypothesis. We do find low-mass planets hosts to show nega-
tive slopes, but only when all elements are considered and, more
important, SWDs and SWODs do also show negative slopes in
this case. Moreover, our data suggests that the stars hosting cool
Jupiters are the ones that show a different <[X/Fe]>-TC trend
with respect to the non planet host samples. This is true when all
elements are considered and also when the analysis is restricted
to refractory elements. In this case, the slope of the samples host-
ing cool Jupiters are negative.
Finally, the positive slope in stars hosting hot Jupiters should
be interpreted with caution given the low statistics of our sam-
ple, but also because SWODs and SWDs also show clear positive
slopes in the TrefC analysis. We simply note that a significant pos-
itive slope in the framework of ME09 hypothesis can be inter-
preted as an indication of the non presence of low-mass planets.
4.3. Signatures of pollution
A correlation between elemental abundances and condensa-
tion temperature is a natural prediction of the self-enrichment
hypothesis for the gas-giant planet metallicity correlation
(Gonzalez 1997). This is because the accretion of material by
a star is expected to occur close to the star, a rather high tem-
perature environment. Therefore, refractory elements might be
added preferentially when compared to volatile elements. The
abundance pattern of hotter dwarfs constitutes an important test
for this scenario. These stars are known to have narrower convec-
tive envelopes (i.e., to experience less mixing) and, therefore, the
chemical signature in the <[X/Fe]>-TC trend suggested in planet
hosts should be more significant in these stars than in late-type
stars.
The stellar radii is used here as a proxy of the convective
envelope’ size. In main-sequence stars it is larger for early type
stars whilst it diminishes for late-type stars. The stellar radii have
been computed as explained in Section 2.5. Our sample of planet
hosts, i.e, the sum of the SWP and the SWDP samples (irrespec-
tive of the planet’s type) has been divided into three categories
according to their radii: i) F-stars, with R⋆ > 1.12 R⊙; ii) G-
stars, with 0.91 R⊙ < R⋆ < 1.12 R⊙; and iii) K-stars, with 0.91
R⊙ < R⋆ (see Gray 2008, Table B.1).
The cumulative distribution functions of TallC -slope, and
TrefracC -slope of these three subsamples are compared in Fig-
ure 14. It is clear from this figure that the only significant differ-
ence is in the distribution of TallC -slope, where K-stars show more
negative slopes than the other two samples (with K-S p-values
of ∼ 10−5 when comparing K with F stars, and ∼ 10−4 when
comparing K with G stars). This point argues against the pollu-
tion hypothesis. When considering all elements, negative slopes
are signatures of a possible deficit of refractory element with re-
spect to volatiles. If this deficit is not primordial but rather due
to the later accretion of refractory-depleted material, stars with
narrower convective zones (early F) should show higher levels of
depletion, or in other words, more negative slopes. Furthermore,
no difference in the TrefracC -slope distributions is found between
the F, G, and K stars samples. And thus the pollution hypothesis
is not sustained with the data at hand.
4.4. Trends with planetary properties
Finally, the stellar [X/Fe] vs. TallC -slopes are plotted in Figure 15
as a function of the planetary properties, minimum mass, period,
semimajor axis, and eccentricity. No clear trend has been iden-
tified, in agreement with previous works (e.g. Ecuvillon et al.
2006).
5. Summary
In this work a detailed chemical analysis of stars with dusty de-
bris discs has been presented. Their chemical abundances have
been compared to those of stars with planets, stars harbouring
debris discs and planets, and stars with neither debris nor plan-
ets.
No clear difference have been found in metallicity, individual
abundances or<[X/Fe]>-TC trends between SWDs and SWODs.
Article number, page 14 of 41
J. Maldonado et al.: Searching for signatures of planet formation in stars with circumstellar debris discs
Fig. 14. Histogram of [X/Fe]-TC slopes for all planet hosts as a function of the stellar radius when all elements (volatiles plus refractories) are
taken into account (left) and when only refractories are considered (right).
Fig. 15. TallC -slope as a function of the planetary properties. For mul-
tiplanet systems, all planets are plotted. Colours and symbols are as in
Figure 4.
The behaviour of SWDPs seems to be driven by the type of
planet (cool Jupiter or low-mass planet). This is in agreement
with the core-accretion model for planet formation in which the
conditions required to form debris discs are more easily met than
the conditions to form gas-giant planets. The fact that SWDs
as stars with low-mass planets do not show metal enhancement
might indicate a correlation between both phenomena. Giant
planets in eccentric orbits might produce dynamical instabilities
which can clear out the inner and outer parts of a debris discs
a fact that might explain the lack of a clear correlation between
debris discs and more massive planets.
We find tentative different behaviours in <[X/Fe]>-TC trends
between the samples of stars with planets and the samples of
stars without planets. Stars with cool giant planets seem to be-
have in a different way with respect to the samples of stars with-
out planets. This result holds independently of whether all el-
ements or only refractories are considered. In particular, when
only refractory elements are considered stars with cool planets
show negative slopes. Regarding stars with exclusively low-mass
planets, we find them to behave as the non planet hosts samples.
Despite our low statistics, stars hosting exclusively close-in giant
planets seem to show higher metallicities than stars harbouring
more distant planets. Furthermore, they show positive TC slopes
although this trend should be further investigated.
Finally, we should put some words of caution about the inter-
pretation of the negative slopes as a signature of planet formation
since the derived trends show relatively low statistical signifi-
cance levels and the TC slopes show a moderate but significant
correlation with the stellar metallicity. Even after correction for
these possible effect, a relatively weak correlation between TC-
slope with the stellar age and a moderate one with the stellar
radius remains.
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Appendix A: Data from the ESO Science Archive
Facility
To get full credits to data used in this paper coming from the
ESO/ST-ECF Science Archive Facility 15, and the pipeline pro-
cessed FEROS and HARPS data archive 16, the corresponding
ESO programme IDs are listed in Table A.1.
Appendix B: The metallicity distribution of stars
with cool/hot Jupiters
As seen in Section 3.1 we find that stars hosting close-in hot
Jupiters tend to show higher metallicities than stars hosting more
distant planets. Given the low number of stars considered in
this work we performed an additional check by considering the
metallicity distribution of all stars known to harbour planets as
listed17 in the Extrasolar Planets Encyclopaedia (Schneider et al.
2011) and the Exoplanet Orbit Database (Wright et al. 2011)
databases. All planet hosts with available values of planetary
mass, semmimajor axis, and metallicity were considered. Stars
with low-mass planets (MPsin i < 30 M⊕) were discarded. No
15 http://archive.eso.org/cms/
16 http://archive.eso.org/wdb/wdb/eso/repro/form
17 Up to June 14, 2014
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Fig. B.1. Histogram of [Fe/H] cumulative frequencies for all stars with cool (blue) and hot (red) Jupiter planet listed in exoplanets.org (left) and
exoplanet.eu (right).
Table A.1. ESO/ST-ECF Science Archive Facility data used in this
work
HIP OBS PROG ID HIP OBS PROG ID HIP OBS PROG ID
490 079.A-9017(A) 33690 078.A-9059(A) 95149 083.A-9013(A)
522 083.A-9011(B) 34065 079.C-0681(A) 97546 083.A-9013(A)
910 184.C-0815(F) 37853 076.D-0103(A) 97675 079.A-9014(A)
3170 072.C-0488(E) 39903 184.C-0815(C) 98959 072.C-0488(E)
3185 077.C-0192(A) 42282 084.A-9004(B) 101983 60.A-9036(A)
3497 072.C-0488(E) 52462 079.A-9007(A) 103389 083.A-9013(A)
3559 083.A-9011(B) 53252 184.C-0815(F) 105312 073.A-9008(A)
5862 074.C-0135(A) 57507 072.C-0488(E) 105388 079.A-9007(A)
7978 072.A-9006(A) 63033 072.D-0707(A) 106696 083.A-9011(B)
8486 083.A-9011(B) 64408 080.D-2002(A) 107022 072.C-0488(E)
10306 184.C-0815(F) 67275 083.A-9003(A) 107350 082.C-0446(A)
11072 074.C-0037(A) 69090 072.C-0488(E) 107649 60.A-9122(B)
19855 083.A-9011(A) 72567 079.A-9009(A) 109422 074.D-0008(B)
23816 087.C-0831(A) 77372 072.C-0488(E) 109821 072.C-0488(E)
27887 079.A-9007(A) 86796 083.A-9013(A) 113044 083.A-9011(B)
29568 078.A-9059(A) 89042 072.C-0033(A) 114236 083.A-9011(B)
30503 60.A-9036(A) 90485 083.A-9013(A) 114948 083.A-9013(A)
31711 078.C-0378(A) 93858 072.C-0488(E) 116250 072.C-0488(E)
32970 084.A-9004(B) 94050 083.A-9013(A) 116745 076.B-0416(A)
32984 079.A-9007(A) 94858 083.A-9013(A) 116906 072.C-0488(E)
further selection criteria were applied. Stars with multiple plan-
ets are classified as “hot” if at least one of the planets has a sem-
mimajor axis lower than 0.1 au. The resulting metallicity distri-
butions are shown in Figure B.1, while some statistic diagnostics
are given in Table B.1.
We can see from the figure that at high metallicities (greater
than +0.0/+0.1 dex) the metallicity distribution of stars hosting
cool and star hosting hot planets are nearly the same. How-
ever, they differ at low-metallicities, being the distribution of
hot Jupiters slightly shifted towards higher metallicities. We also
note that there are no hot Jupiters harbouring stars with metal-
licities below -0.50/-0.60 dex, while cool Jupiters can be found
around stars as metal-poor as -1.00 dex. A K-S test shows that
we can not rule out the possibility of both distributions (hot/cool
stellar hosts) being drawn from the same parent population.
However, the derived p-values are considerably low, only 0.15
when data from exoplanets.org is considered (neff ∼ 115, D ∼
0.11) and 0.06 if the data from exoplanet.eu is employed (neff ∼
127, D ∼ 0.12).
These results are in agreement with previous works (see ref-
erences in Section 3.1) which point towards a paucity of short
Table B.1. [Fe/H] statistics of cool/hot Jupiter’s host stellar samples.
Data from exoplanets.org
S ample Mean Median Deviation Min Max N
Cool Jupiters +0.04 +0.06 0.23 -0.79 +0.56 285
Hot Jupiters +0.06 +0.06 0.18 -0.46 +0.45 193
Data from exoplanet.eu
S ample Mean Median Deviation Min Max N
Cool Jupiters +0.03 +0.08 0.25 -1.00 +0.56 309
Hot Jupiters +0.07 +0.10 0.19 -0.60 +0.50 217
period planets around metal poor stars. While this trend could
in principle suggest a metallicity dependency of migration rates,
further monitoring of metal-poor stars are required to confirm it
(Sozzetti 2004).
Appendix C: Abundance ratios as a function of the
stellar metallicity
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Fig. C.1. Chemical abundance ratios of [X/H] as a function of the stellar metallicity. The red line shows the best linear fit.
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Fig. C.2. Chemical abundance ratios of [X/Fe] as a function of the stellar metallicity. The red line shows the best linear fit.
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able in the electronic version of the corresponding paper or at the
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or
via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/
Table 2 lists all the stars analyzed in this work, classified
according to the presence/absence of discs and/or planets. The
table provides: HIP number (column 1); HD number (column
2); effective temperature in kelvin (column 3); logarithm of the
surface gravity in cms−2 (column 4); microturbulent velocity in
kms−1 (column 5); final metallicity in dex (column 6); mean iron
abundance derived from Fe I lines (column 7) in the usual scale
(A(Fe) = log[(NFe/NH) + 12]); number of Fe I lines used (col-
umn 8); mean iron abundance derived from Fe II lines (column
9); number of Fe II lines used (column 10); and spectrograph
(column 11). Each measured quantity is accompanied by its cor-
responding uncertainty.
Table 3 provides the wavelength, excitation potential (EP),
and oscillator strength log(g f ) for the lines selected in the
present work. References are also given. Data for HFS compu-
tations is from Ramírez et al. (2014) and is not included in this
list.
Table 11 gives the abundances of C I, O I (nLTE corrected),
Na I, Mg I, Al I, Si I, S I, Ca I, Sc I, Sc II, Ti I, Ti II, V I
(HFS taken into account), Cr I, Cr II Mn I, Co I (HFS taken
into account) , Ni I, Cu I (HFS considered, and Zn I They are
expressed relative to the solar value, i.e [X/H] = log(NX/NH) −
log(NX/NH)⊙. For each star abundances are given in the first row,
whilst uncertainties are given in the second row.
A&A–chemical_debris, Online Material p 21
Table 2. Spectroscopic parameters with uncertainties for the stars measured in this work. Columns 7 and 9 give the mean iron abundance derived
from Fe I and Fe II lines, respectively, while columns 8 and 10 give the corresponding number of lines. The rest of the columns are self-explanatory.
HIP HD Teff log g ξt [Fe/H] 〈A(Fe I)〉 nI 〈A(Fe II)〉 nII Spec.†
(K) (cms−2) (kms−1) dex
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Sun 5784 ± 15 4.51 ± 0.03 1.01 ± 0.09 0.02 ± 0.01 7.52 ± 0.02 253 7.52 ± 0.02 26 5
Stars with known debris discs
171 224930 5354 ± 15 4.32 ± 0.04 0.74 ± 0.12 -0.83 ± 0.01 6.67 ± 0.02 208 6.67 ± 0.02 18 5
490 105 5967 ± 35 4.52 ± 0.08 1.76 ± 0.26 -0.16 ± 0.03 7.35 ± 0.04 151 7.34 ± 0.05 19 7
544 166 5584 ± 20 4.73 ± 0.05 1.22 ± 0.16 0.15 ± 0.02 7.65 ± 0.03 256 7.65 ± 0.03 21 5
1598 1562 5768 ± 20 4.56 ± 0.04 1.12 ± 0.13 -0.27 ± 0.02 7.23 ± 0.02 205 7.23 ± 0.03 17 1
1599 1581 5877 ± 20 4.25 ± 0.04 1.13 ± 0.14 -0.24 ± 0.02 7.26 ± 0.02 221 7.26 ± 0.03 23 6
4148 5133 4962 ± 23 4.76 ± 0.06 0.80 ± 0.25 -0.12 ± 0.03 7.38 ± 0.03 263 7.38 ± 0.04 18 6
5336 6582 5282 ± 15 4.51 ± 0.04 0.73 ± 0.15 -0.87 ± 0.01 6.63 ± 0.02 220 6.63 ± 0.02 17 5
5862 7570 6076 ± 20 4.26 ± 0.04 1.33 ± 0.09 0.10 ± 0.02 7.60 ± 0.02 238 7.60 ± 0.03 27 7
5944 7590 6006 ± 43 4.56 ± 0.09 1.33 ± 0.19 -0.08 ± 0.03 7.42 ± 0.04 201 7.42 ± 0.05 17 1
7576 10008 5401 ± 35 4.77 ± 0.09 1.31 ± 0.24 -0.02 ± 0.03 7.48 ± 0.04 227 7.48 ± 0.05 18 1
8102 10700 5321 ± 10 4.56 ± 0.03 0.77 ± 0.09 -0.53 ± 0.01 6.97 ± 0.01 251 6.97 ± 0.02 20 5
13402 17925 5232 ± 23 4.69 ± 0.06 1.25 ± 0.17 0.10 ± 0.03 7.60 ± 0.03 256 7.60 ± 0.04 19 5
13642 18143 5215 ± 48 4.67 ± 0.12 1.01 ± 0.29 0.28 ± 0.05 7.78 ± 0.06 219 7.78 ± 0.08 16 1
15371 20807 5804 ± 18 4.41 ± 0.05 1.14 ± 0.12 -0.28 ± 0.01 7.22 ± 0.02 238 7.22 ± 0.02 23 6
16852 22484 5912 ± 13 3.90 ± 0.04 1.27 ± 0.07 -0.11 ± 0.01 7.39 ± 0.01 243 7.39 ± 0.02 25 5
17420 23356 5000 ± 25 4.68 ± 0.06 0.76 ± 0.26 -0.05 ± 0.03 7.45 ± 0.04 262 7.45 ± 0.05 17 5
22263 30495 5831 ± 13 4.53 ± 0.03 1.15 ± 0.08 0.01 ± 0.01 7.51 ± 0.02 250 7.51 ± 0.02 24 5
23816 33081 6319 ± 95 4.31 ± 0.17 1.67 ± 0.36 -0.19 ± 0.05 7.31 ± 0.06 174 7.31 ± 0.08 19 8
24205 33636 5903 ± 15 4.38 ± 0.03 1.11 ± 0.11 -0.16 ± 0.01 7.34 ± 0.02 243 7.34 ± 0.02 24 4
26779 37394 5347 ± 20 4.73 ± 0.05 0.98 ± 0.17 0.16 ± 0.02 7.66 ± 0.03 258 7.66 ± 0.03 19 5
27072 38393 6368 ± 40 4.36 ± 0.08 1.42 ± 0.21 -0.05 ± 0.03 7.45 ± 0.04 187 7.45 ± 0.05 22 5
27980 39833 5860 ± 18 4.45 ± 0.05 1.05 ± 0.09 0.15 ± 0.02 7.65 ± 0.02 269 7.65 ± 0.03 26 4
29271 43834 5607 ± 20 4.51 ± 0.05 0.92 ± 0.13 0.13 ± 0.02 7.63 ± 0.03 269 7.63 ± 0.03 23 6
31711 48189 5906 ± 73 4.61 ± 0.16 1.96 ± 0.44 -0.17 ± 0.06 7.33 ± 0.07 142 7.33 ± 0.09 18 7
32480 48682 6106 ± 20 4.30 ± 0.05 1.31 ± 0.11 0.09 ± 0.02 7.59 ± 0.02 218 7.59 ± 0.03 20 1
33690 53143 5500 ± 25 4.83 ± 0.06 1.17 ± 0.18 0.15 ± 0.03 7.65 ± 0.03 251 7.65 ± 0.04 18 7
36827 60491 5117 ± 38 4.80 ± 0.09 1.23 ± 0.27 -0.21 ± 0.04 7.29 ± 0.04 218 7.29 ± 0.06 11 1
36906 60234 5918 ± 28 3.76 ± 0.06 1.56 ± 0.17 0.03 ± 0.03 7.53 ± 0.03 247 7.53 ± 0.05 24 4
42333 73350 5861 ± 20 4.60 ± 0.04 1.22 ± 0.14 0.13 ± 0.02 7.63 ± 0.03 222 7.64 ± 0.03 21 1
42438 72905 6023 ± 33 4.84 ± 0.07 1.54 ± 0.26 -0.02 ± 0.03 7.48 ± 0.04 211 7.48 ± 0.05 21 5
43625 75616 6248 ± 63 4.53 ± 0.11 1.86 ± 0.33 -0.36 ± 0.03 7.14 ± 0.04 159 7.14 ± 0.05 23 4
43726 76151 5831 ± 18 4.64 ± 0.04 1.15 ± 0.12 0.13 ± 0.02 7.63 ± 0.02 226 7.63 ± 0.03 20 1
50384 89125 6061 ± 23 4.17 ± 0.04 1.26 ± 0.15 -0.41 ± 0.02 7.09 ± 0.02 223 7.09 ± 0.03 23 4
51459 90839 6101 ± 15 4.27 ± 0.04 1.20 ± 0.07 -0.11 ± 0.01 7.39 ± 0.01 239 7.39 ± 0.02 26 5
52462 92945 5198 ± 28 4.79 ± 0.08 1.35 ± 0.22 -0.04 ± 0.03 7.46 ± 0.04 251 7.46 ± 0.05 18 7
56830 101259 4954 ± 10 3.06 ± 0.03 1.06 ± 0.08 -0.86 ± 0.01 6.64 ± 0.02 251 6.64 ± 0.02 21 4
58576 104304 5605 ± 20 4.56 ± 0.05 0.86 ± 0.14 0.30 ± 0.02 7.80 ± 0.03 275 7.80 ± 0.03 26 4
60025 107067 6314 ± 40 4.39 ± 0.08 1.34 ± 0.24 -0.16 ± 0.03 7.34 ± 0.03 221 7.34 ± 0.05 24 4
60074 107146 5897 ± 15 4.56 ± 0.03 1.23 ± 0.13 -0.07 ± 0.02 7.43 ± 0.02 251 7.43 ± 0.02 23 4
62207 110897 5766 ± 15 4.24 ± 0.03 1.06 ± 0.11 -0.60 ± 0.01 6.90 ± 0.01 226 6.90 ± 0.02 23 4
66704 119124 6215 ± 83 4.67 ± 0.15 1.90 ± 0.46 -0.31 ± 0.05 7.19 ± 0.06 171 7.19 ± 0.08 21 4
66781 119332 5263 ± 25 4.64 ± 0.06 1.04 ± 0.22 -0.04 ± 0.03 7.46 ± 0.04 226 7.46 ± 0.04 17 1
68593 122652 6153 ± 23 4.43 ± 0.05 1.23 ± 0.11 0.00 ± 0.02 7.50 ± 0.02 245 7.50 ± 0.03 27 4
71181 128165 4902 ± 45 4.64 ± 0.12 1.03 ± 0.33 -0.04 ± 0.05 7.46 ± 0.06 219 7.46 ± 0.09 12 1
72848 131511 5334 ± 25 4.75 ± 0.06 0.95 ± 0.24 0.14 ± 0.03 7.64 ± 0.04 261 7.64 ± 0.04 20 5
73100 132254 6208 ± 35 4.09 ± 0.07 1.44 ± 0.17 0.05 ± 0.03 7.55 ± 0.03 189 7.55 ± 0.05 23 1
73869 134319 5775 ± 55 4.85 ± 0.13 1.85 ± 0.43 -0.25 ± 0.04 7.25 ± 0.05 211 7.25 ± 0.07 20 4
74702 135599 5262 ± 15 4.72 ± 0.04 1.05 ± 0.13 -0.07 ± 0.02 7.43 ± 0.02 270 7.43 ± 0.03 21 4
74975 136202 6097 ± 18 3.85 ± 0.04 1.43 ± 0.09 -0.04 ± 0.02 7.46 ± 0.02 245 7.46 ± 0.03 25 4
76375 139323 5107 ± 25 4.57 ± 0.06 0.65 ± 0.32 0.37 ± 0.03 7.87 ± 0.05 266 7.87 ± 0.05 20 4
76635 139590 6113 ± 15 4.25 ± 0.03 1.28 ± 0.10 0.06 ± 0.01 7.56 ± 0.02 247 7.56 ± 0.02 26 4
79492 145958 5516 ± 33 4.59 ± 0.08 0.72 ± 0.25 0.14 ± 0.03 7.64 ± 0.05 268 7.64 ± 0.05 28 4
81800 151044 6093 ± 15 4.25 ± 0.04 1.24 ± 0.10 -0.03 ± 0.01 7.47 ± 0.02 239 7.47 ± 0.02 24 4
85235 158633 5262 ± 20 4.55 ± 0.05 0.75 ± 0.14 -0.44 ± 0.02 7.07 ± 0.02 259 7.06 ± 0.03 19 5
88745 165908 5948 ± 23 4.05 ± 0.04 1.23 ± 0.10 -0.60 ± 0.01 6.90 ± 0.02 168 6.90 ± 0.02 20 3
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Table 2. Continued.
HIP HD Teff log g ξt [Fe/H] 〈A(Fe I)〉 nI 〈A(Fe II)〉 nII Spec.†
(K) (cms−2) (kms−1) dex
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
92043 173667 6342 ± 83 4.09 ± 0.14 2.35 ± 0.43 -0.21 ± 0.05 7.29 ± 0.06 103 7.29 ± 0.09 15 1
94050 177996 5269 ± 40 4.79 ± 0.10 1.55 ± 0.39 -0.04 ± 0.05 7.46 ± 0.06 243 7.46 ± 0.07 18 7
94858 180134 6135 ± 20 3.81 ± 0.04 1.56 ± 0.10 -0.30 ± 0.01 7.20 ± 0.02 190 7.20 ± 0.02 25 7
99316 191499 5323 ± 35 4.64 ± 0.08 1.04 ± 0.21 -0.13 ± 0.03 7.37 ± 0.04 227 7.37 ± 0.05 16 1
103389 199260 6293 ± 40 4.30 ± 0.08 1.50 ± 0.19 -0.15 ± 0.03 7.35 ± 0.04 142 7.35 ± 0.05 17 7
104239 200968 5214 ± 35 4.79 ± 0.10 1.18 ± 0.30 0.05 ± 0.05 7.55 ± 0.06 214 7.55 ± 0.07 12 1
105388 202917 5565 ± 53 4.52 ± 0.13 2.78 ± 0.50 -0.33 ± 0.05 7.17 ± 0.05 153 7.17 ± 0.08 13 7
107022 205536 5450 ± 13 4.52 ± 0.03 0.84 ± 0.08 -0.03 ± 0.01 7.48 ± 0.02 203 7.47 ± 0.02 17 8
107350 206860 5950 ± 30 4.53 ± 0.06 1.77 ± 0.28 -0.20 ± 0.03 7.30 ± 0.04 197 7.31 ± 0.05 20 7
107649 207129 5876 ± 20 4.40 ± 0.05 1.20 ± 0.11 -0.09 ± 0.02 7.41 ± 0.02 241 7.41 ± 0.03 23 7
108028 208038 5087 ± 40 4.79 ± 0.11 1.14 ± 0.28 -0.08 ± 0.04 7.42 ± 0.05 226 7.42 ± 0.07 13 1
114236 218340 5915 ± 23 4.65 ± 0.05 1.12 ± 0.00 0.07 ± 0.01 7.56 ± 0.02 246 7.59 ± 0.02 25 7
114948 219482 6255 ± 28 4.33 ± 0.06 1.36 ± 0.12 -0.04 ± 0.02 7.46 ± 0.02 206 7.46 ± 0.03 23 7
Stars without known debris discs
910 693 6110 ± 20 3.88 ± 0.04 1.37 ± 0.06 -0.40 ± 0.01 7.10 ± 0.02 158 7.10 ± 0.02 19 8
2941 3443 5573 ± 38 4.60 ± 0.09 0.89 ± 0.25 -0.12 ± 0.03 7.38 ± 0.04 160 7.38 ± 0.05 10 2
3170 3823 5907 ± 15 3.98 ± 0.03 1.24 ± 0.07 -0.34 ± 0.01 7.16 ± 0.01 182 7.16 ± 0.02 19 8
3185 3795 5337 ± 13 3.96 ± 0.04 1.09 ± 0.10 -0.67 ± 0.01 6.83 ± 0.02 225 6.83 ± 0.02 18 7
3559 4307 5712 ± 10 3.86 ± 0.03 1.28 ± 0.07 -0.33 ± 0.01 7.17 ± 0.01 234 7.17 ± 0.02 24 7
3765 4628 5035 ± 25 4.82 ± 0.07 0.59 ± 0.39 -0.23 ± 0.03 7.27 ± 0.03 258 7.27 ± 0.04 16 5
3821 4614 5855 ± 15 4.30 ± 0.04 1.06 ± 0.12 -0.28 ± 0.01 7.22 ± 0.02 235 7.22 ± 0.02 23 5
3909 4813 6145 ± 20 4.27 ± 0.04 1.22 ± 0.07 -0.13 ± 0.01 7.37 ± 0.02 179 7.37 ± 0.02 21 3
7981 10476 5264 ± 15 4.68 ± 0.03 0.69 ± 0.14 0.03 ± 0.02 7.53 ± 0.02 268 7.53 ± 0.02 21 5
8486 11131 5857 ± 10 4.61 ± 0.02 1.16 ± 0.07 -0.08 ± 0.01 7.42 ± 0.01 249 7.42 ± 0.01 24 7
10306 13555 6446 ± 55 3.87 ± 0.09 1.90 ± 0.17 -0.25 ± 0.03 7.25 ± 0.04 136 7.26 ± 0.04 19 8
10798 14412 5365 ± 13 4.56 ± 0.03 0.87 ± 0.11 -0.49 ± 0.01 7.02 ± 0.02 250 7.02 ± 0.02 21 5
11072 14802 5853 ± 10 3.90 ± 0.03 1.21 ± 0.08 -0.07 ± 0.01 7.43 ± 0.02 190 7.43 ± 0.02 20 8
12114 16160 4924 ± 38 4.68 ± 0.10 0.87 ± 0.39 -0.10 ± 0.05 7.40 ± 0.06 219 7.40 ± 0.08 11 1
12777 16895 6241 ± 35 4.18 ± 0.06 1.44 ± 0.19 -0.04 ± 0.03 7.46 ± 0.03 200 7.46 ± 0.05 23 5
14632 19373 5951 ± 10 4.19 ± 0.03 1.20 ± 0.08 0.09 ± 0.01 7.60 ± 0.01 247 7.60 ± 0.02 24 5
15330 20766 5730 ± 15 4.61 ± 0.04 1.02 ± 0.14 -0.22 ± 0.02 7.28 ± 0.02 241 7.28 ± 0.02 23 6
15457 20630 5778 ± 20 4.57 ± 0.04 1.14 ± 0.10 0.09 ± 0.02 7.59 ± 0.02 255 7.59 ± 0.03 23 5
17378 23249 5069 ± 20 3.85 ± 0.06 0.94 ± 0.12 0.15 ± 0.03 7.65 ± 0.03 268 7.65 ± 0.04 21 5
19849 26965 5166 ± 20 4.58 ± 0.05 0.63 ± 0.19 -0.26 ± 0.02 7.24 ± 0.02 261 7.24 ± 0.03 18 5
19855 26913 5727 ± 20 4.78 ± 0.05 1.22 ± 0.16 -0.03 ± 0.02 7.47 ± 0.03 242 7.47 ± 0.03 20 7
23311 32147 4848 ± 43 4.65 ± 0.11 0.56 ± 0.41 0.37 ± 0.05 7.87 ± 0.05 257 7.86 ± 0.08 16 5
24786 34721 6110 ± 50 4.57 ± 0.10 1.14 ± 0.36 0.05 ± 0.04 7.55 ± 0.05 162 7.55 ± 0.06 10 2
24813 34411 5861 ± 10 4.21 ± 0.03 1.15 ± 0.08 0.07 ± 0.01 7.57 ± 0.02 251 7.57 ± 0.02 25 5
27913 39587 6110 ± 35 4.76 ± 0.07 1.48 ± 0.26 0.01 ± 0.03 7.51 ± 0.04 210 7.51 ± 0.05 22 5
28954 41593 5377 ± 23 4.72 ± 0.06 1.27 ± 0.18 0.03 ± 0.03 7.53 ± 0.03 224 7.53 ± 0.04 17 1
29568 43162 5726 ± 30 4.72 ± 0.07 1.22 ± 0.19 0.01 ± 0.03 7.51 ± 0.04 237 7.51 ± 0.04 20 7
32439 46588 6119 ± 30 4.22 ± 0.06 1.28 ± 0.17 -0.14 ± 0.02 7.36 ± 0.03 185 7.36 ± 0.04 21 1
32984 50281 4818 ± 43 4.95 ± 0.12 0.82 ± 0.44 0.01 ± 0.05 7.51 ± 0.05 242 7.51 ± 0.08 13 7
33277 50692 5873 ± 25 4.36 ± 0.05 1.17 ± 0.14 -0.21 ± 0.02 7.29 ± 0.03 198 7.30 ± 0.03 18 1
34017 52711 5861 ± 20 4.36 ± 0.04 1.15 ± 0.12 -0.14 ± 0.02 7.36 ± 0.02 213 7.36 ± 0.03 17 1
34065 53705 5754 ± 10 4.27 ± 0.03 1.04 ± 0.08 -0.25 ± 0.01 7.25 ± 0.01 187 7.25 ± 0.02 17 8
35136 55575 5795 ± 23 4.14 ± 0.05 1.12 ± 0.09 -0.38 ± 0.02 7.12 ± 0.02 195 7.12 ± 0.03 19 1
36439 58855 6292 ± 50 4.16 ± 0.09 1.56 ± 0.25 -0.33 ± 0.03 7.17 ± 0.04 140 7.17 ± 0.06 18 1
37853 63077 5707 ± 20 4.17 ± 0.05 0.98 ± 0.13 -0.84 ± 0.01 6.66 ± 0.02 162 6.66 ± 0.02 17 8
38784 62613 5549 ± 25 4.63 ± 0.05 1.03 ± 0.14 -0.09 ± 0.02 7.41 ± 0.03 223 7.41 ± 0.03 19 1
39903 68456 6549 ± 160 4.15 ± 0.19 1.26 ± 0.26 -0.34 ± 0.06 7.16 ± 0.10 128 7.16 ± 0.08 16 8
40843 69897 6200 ± 30 4.07 ± 0.05 1.43 ± 0.12 -0.32 ± 0.02 7.18 ± 0.02 155 7.18 ± 0.03 21 1
41484 71148 5867 ± 23 4.40 ± 0.05 1.15 ± 0.16 0.03 ± 0.02 7.53 ± 0.03 218 7.53 ± 0.04 20 1
41926 72673 5273 ± 20 4.68 ± 0.05 0.69 ± 0.21 -0.33 ± 0.02 7.17 ± 0.03 250 7.17 ± 0.03 19 5
42074 72760 5402 ± 20 4.83 ± 0.05 1.21 ± 0.19 0.06 ± 0.02 7.56 ± 0.03 204 7.56 ± 0.04 16 1
42430 73752 5896 ± 33 4.55 ± 0.08 1.45 ± 0.24 0.26 ± 0.04 7.76 ± 0.05 269 7.76 ± 0.06 22 4
42808 74576 5092 ± 30 4.86 ± 0.09 1.01 ± 0.27 0.05 ± 0.03 7.55 ± 0.04 250 7.55 ± 0.06 18 6
44897 78366 5895 ± 23 4.32 ± 0.05 1.16 ± 0.19 0.00 ± 0.02 7.50 ± 0.03 155 7.50 ± 0.04 11 2
45333 79028 5912 ± 28 4.02 ± 0.06 1.19 ± 0.22 0.07 ± 0.03 7.57 ± 0.04 155 7.57 ± 0.05 11 2
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HIP HD Teff log g ξt [Fe/H] 〈A(Fe I)〉 nI 〈A(Fe II)〉 nII Spec.†
(K) (cms−2) (kms−1) dex
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
45617 79969 4891 ± 38 4.85 ± 0.10 1.28 ± 0.44 -0.08 ± 0.05 7.42 ± 0.07 187 7.41 ± 0.08 11 1
46580 82106 4863 ± 45 4.86 ± 0.13 1.03 ± 0.37 0.02 ± 0.05 7.53 ± 0.05 210 7.52 ± 0.09 13 1
47592 84117 6029 ± 40 4.08 ± 0.08 1.27 ± 0.25 -0.07 ± 0.04 7.43 ± 0.04 145 7.43 ± 0.06 10 2
48113 84737 5918 ± 15 4.12 ± 0.04 1.32 ± 0.11 0.11 ± 0.02 7.61 ± 0.02 204 7.61 ± 0.03 21 1
49081 86728 5809 ± 23 4.36 ± 0.05 1.16 ± 0.11 0.24 ± 0.02 7.74 ± 0.03 227 7.74 ± 0.04 20 1
53252 94388 6354 ± 50 4.23 ± 0.09 2.09 ± 0.31 -0.02 ± 0.04 7.48 ± 0.04 164 7.48 ± 0.06 18 8
54745 97334 6024 ± 35 4.64 ± 0.07 1.39 ± 0.20 0.10 ± 0.03 7.60 ± 0.04 191 7.60 ± 0.05 18 1
56452 100623 5173 ± 23 4.68 ± 0.05 0.60 ± 0.26 -0.35 ± 0.02 7.16 ± 0.03 262 7.15 ± 0.03 18 5
56997 101501 5560 ± 15 4.67 ± 0.03 1.01 ± 0.11 -0.02 ± 0.01 7.48 ± 0.02 267 7.48 ± 0.02 21 5
57507 102438 5542 ± 13 4.45 ± 0.04 0.84 ± 0.09 -0.29 ± 0.01 7.21 ± 0.02 195 7.21 ± 0.02 18 8
61100 109011 5116 ± 38 4.81 ± 0.10 1.22 ± 0.44 -0.18 ± 0.05 7.32 ± 0.06 205 7.32 ± 0.07 15 1
62145 110883 5071 ± 35 4.56 ± 0.09 1.06 ± 0.21 0.13 ± 0.04 7.63 ± 0.04 220 7.63 ± 0.06 13 1
62523 111395 5677 ± 20 4.63 ± 0.05 1.11 ± 0.12 0.11 ± 0.02 7.61 ± 0.03 227 7.61 ± 0.03 21 1
63033 112164 5998 ± 23 3.96 ± 0.05 1.38 ± 0.10 0.31 ± 0.02 7.81 ± 0.03 196 7.81 ± 0.04 21 8
63742 113449 5259 ± 38 4.77 ± 0.10 1.39 ± 0.31 -0.09 ± 0.04 7.41 ± 0.05 218 7.41 ± 0.07 14 1
64394 114710 6010 ± 15 4.35 ± 0.04 1.14 ± 0.10 0.06 ± 0.02 7.56 ± 0.02 247 7.56 ± 0.02 25 5
64408 114613 5647 ± 15 3.87 ± 0.05 1.30 ± 0.11 0.07 ± 0.02 7.57 ± 0.03 256 7.58 ± 0.03 24 7
64797 115404 5059 ± 23 4.73 ± 0.05 0.85 ± 0.24 -0.11 ± 0.03 7.39 ± 0.04 260 7.39 ± 0.04 16 5
65515 116956 5461 ± 35 4.75 ± 0.09 1.50 ± 0.22 0.09 ± 0.04 7.59 ± 0.04 202 7.59 ± 0.06 15 1
65530 117043 5584 ± 25 4.49 ± 0.06 1.09 ± 0.16 0.16 ± 0.03 7.66 ± 0.04 227 7.66 ± 0.04 20 1
67422 120476 4720 ± 43 4.68 ± 0.12 0.73 ± 0.41 0.06 ± 0.05 7.56 ± 0.05 263 7.55 ± 0.10 14 5
67620 120690 5701 ± 28 4.49 ± 0.07 0.80 ± 0.18 0.03 ± 0.03 7.53 ± 0.04 220 7.53 ± 0.04 21 3
68184 122064 4865 ± 38 4.68 ± 0.09 0.53 ± 0.35 0.29 ± 0.04 7.79 ± 0.04 255 7.78 ± 0.07 16 5
68682 122742 5624 ± 25 4.67 ± 0.06 1.07 ± 0.21 0.05 ± 0.03 7.55 ± 0.04 225 7.55 ± 0.04 17 1
69090 122862 5860 ± 15 3.94 ± 0.04 1.23 ± 0.08 -0.20 ± 0.01 7.30 ± 0.02 185 7.30 ± 0.02 20 8
69965 125276 6002 ± 50 4.32 ± 0.09 1.33 ± 0.31 -0.65 ± 0.03 6.85 ± 0.04 152 6.85 ± 0.05 20 3
70319 126053 5709 ± 33 4.59 ± 0.07 1.04 ± 0.31 -0.28 ± 0.03 7.22 ± 0.04 200 7.22 ± 0.05 17 1
70857 128642 5541 ± 30 4.61 ± 0.07 0.89 ± 0.17 -0.03 ± 0.03 7.47 ± 0.03 228 7.47 ± 0.04 18 1
71683 128620 5813 ± 20 4.36 ± 0.05 1.11 ± 0.11 0.23 ± 0.02 7.73 ± 0.03 265 7.73 ± 0.03 23 6
71743 128987 5698 ± 53 4.75 ± 0.12 1.08 ± 0.26 0.14 ± 0.04 7.64 ± 0.05 192 7.65 ± 0.07 12 2
72567 130948 5976 ± 20 4.44 ± 0.05 1.37 ± 0.13 -0.07 ± 0.02 7.44 ± 0.02 227 7.44 ± 0.03 24 7
77052 140538 5750 ± 20 4.66 ± 0.05 0.98 ± 0.18 0.12 ± 0.02 7.62 ± 0.03 231 7.62 ± 0.04 20 1
77372 141128 6691 ± 48 4.27 ± 0.08 1.40 ± 0.19 0.10 ± 0.03 7.60 ± 0.03 172 7.60 ± 0.05 19 8
77408 141272 5340 ± 25 4.75 ± 0.06 1.25 ± 0.17 -0.04 ± 0.03 7.46 ± 0.03 206 7.46 ± 0.04 14 1
77760 142373 5649 ± 28 3.55 ± 0.06 1.29 ± 0.14 -0.62 ± 0.02 6.88 ± 0.03 177 6.88 ± 0.04 22 1
77801 142267 5756 ± 15 4.39 ± 0.04 1.03 ± 0.13 -0.44 ± 0.01 7.06 ± 0.02 194 7.06 ± 0.02 20 3
78072 142860 6313 ± 65 4.19 ± 0.11 1.95 ± 0.38 -0.29 ± 0.04 7.21 ± 0.05 156 7.21 ± 0.07 21 5
78459 143761 5710 ± 20 4.01 ± 0.05 1.19 ± 0.11 -0.30 ± 0.02 7.20 ± 0.02 213 7.20 ± 0.03 22 1
78775 144579 5248 ± 30 4.50 ± 0.09 0.81 ± 0.20 -0.67 ± 0.03 6.83 ± 0.03 187 6.83 ± 0.04 15 1
79672 146233 5830 ± 15 4.53 ± 0.03 1.01 ± 0.13 0.07 ± 0.02 7.58 ± 0.02 256 7.58 ± 0.03 22 5
80725 148653 5108 ± 40 4.86 ± 0.11 1.02 ± 0.37 -0.33 ± 0.04 7.17 ± 0.05 206 7.17 ± 0.07 15 1
81300 149661 5306 ± 25 4.69 ± 0.06 0.89 ± 0.19 0.09 ± 0.03 7.59 ± 0.04 266 7.59 ± 0.04 17 5
82588 152391 5528 ± 28 4.76 ± 0.06 1.34 ± 0.25 -0.01 ± 0.03 7.49 ± 0.04 219 7.49 ± 0.05 17 1
82860 153597 6356 ± 48 4.38 ± 0.09 1.33 ± 0.17 -0.07 ± 0.03 7.43 ± 0.04 160 7.43 ± 0.05 19 3
84862 157214 5684 ± 20 4.33 ± 0.05 1.00 ± 0.12 -0.39 ± 0.02 7.11 ± 0.02 186 7.11 ± 0.03 19 3
86036 160269 5962 ± 20 4.40 ± 0.05 1.11 ± 0.12 0.03 ± 0.02 7.53 ± 0.02 244 7.53 ± 0.03 24 5
88601 165341 5354 ± 18 4.60 ± 0.04 0.96 ± 0.14 0.07 ± 0.02 7.57 ± 0.03 267 7.57 ± 0.03 19 5
88972 166620 5048 ± 25 4.63 ± 0.06 0.51 ± 0.34 -0.14 ± 0.03 7.36 ± 0.03 256 7.36 ± 0.04 18 5
89042 165499 5914 ± 13 4.27 ± 0.03 1.24 ± 0.09 -0.13 ± 0.01 7.37 ± 0.02 236 7.37 ± 0.02 25 7
91438 172051 5590 ± 13 4.51 ± 0.03 0.95 ± 0.11 -0.25 ± 0.01 7.25 ± 0.02 244 7.25 ± 0.02 24 6
93858 177565 5609 ± 15 4.44 ± 0.04 0.84 ± 0.09 0.10 ± 0.01 7.60 ± 0.02 204 7.60 ± 0.02 19 8
94346 180161 5461 ± 25 4.66 ± 0.07 1.25 ± 0.19 0.16 ± 0.03 7.66 ± 0.04 222 7.66 ± 0.05 18 1
95149 181321 5837 ± 28 4.48 ± 0.06 1.40 ± 0.20 -0.11 ± 0.03 7.39 ± 0.04 184 7.40 ± 0.04 17 7
95319 182488 5471 ± 20 4.58 ± 0.05 0.84 ± 0.14 0.20 ± 0.02 7.71 ± 0.03 212 7.71 ± 0.03 18 3
96100 185144 5301 ± 25 4.65 ± 0.05 0.77 ± 0.16 -0.18 ± 0.02 7.32 ± 0.03 260 7.32 ± 0.03 19 5
96441 185395 6715 ± 35 4.05 ± 0.05 1.70 ± 0.14 -0.02 ± 0.02 7.48 ± 0.02 160 7.48 ± 0.03 20 3
97675 187691 6100 ± 15 4.16 ± 0.03 1.42 ± 0.09 0.06 ± 0.01 7.56 ± 0.02 238 7.56 ± 0.02 25 7
98819 190406 6019 ± 40 4.49 ± 0.09 1.21 ± 0.21 0.07 ± 0.03 7.57 ± 0.04 183 7.57 ± 0.05 12 2
99240 190248 5652 ± 15 4.54 ± 0.04 1.05 ± 0.12 0.34 ± 0.02 7.84 ± 0.03 273 7.84 ± 0.03 24 6
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HIP HD Teff log g ξt [Fe/H] 〈A(Fe I)〉 nI 〈A(Fe II)〉 nII Spec.†
(K) (cms−2) (kms−1) dex
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
99461 191408 4962 ± 23 4.73 ± 0.06 0.41 ± 0.36 -0.49 ± 0.02 7.01 ± 0.02 248 7.01 ± 0.04 15 6
101983 196378 5971 ± 15 3.82 ± 0.03 1.44 ± 0.08 -0.44 ± 0.01 7.06 ± 0.01 153 7.06 ± 0.02 18 8
101997 196761 5431 ± 25 4.44 ± 0.07 0.78 ± 0.22 -0.25 ± 0.02 7.25 ± 0.03 160 7.25 ± 0.04 9 2
105312 202940 5460 ± 15 4.52 ± 0.04 0.94 ± 0.14 -0.31 ± 0.02 7.19 ± 0.02 247 7.19 ± 0.03 21 7
105858 203608 5943 ± 35 3.99 ± 0.07 1.13 ± 0.19 -0.76 ± 0.02 6.75 ± 0.03 173 6.75 ± 0.03 21 6
106696 205390 5127 ± 20 4.90 ± 0.05 1.02 ± 0.20 -0.17 ± 0.02 7.33 ± 0.03 253 7.33 ± 0.04 17 7
109422 210302 6373 ± 45 4.11 ± 0.08 1.75 ± 0.23 -0.01 ± 0.04 7.49 ± 0.04 134 7.49 ± 0.06 16 7
109821 210918 5725 ± 10 4.30 ± 0.03 1.03 ± 0.08 -0.11 ± 0.01 7.39 ± 0.01 199 7.39 ± 0.02 18 8
110109 211415 5763 ± 18 4.27 ± 0.04 1.14 ± 0.12 -0.30 ± 0.02 7.20 ± 0.02 238 7.20 ± 0.02 24 6
114622 219134 4858 ± 40 4.67 ± 0.10 0.53 ± 0.39 0.16 ± 0.04 7.67 ± 0.04 260 7.66 ± 0.08 15 5
115331 220182 5450 ± 33 4.72 ± 0.09 1.35 ± 0.22 0.03 ± 0.03 7.53 ± 0.04 222 7.53 ± 0.06 17 1
116250 221420 5794 ± 13 4.00 ± 0.03 1.25 ± 0.06 0.29 ± 0.01 7.79 ± 0.02 201 7.79 ± 0.02 21 8
116613 222143 5976 ± 23 4.64 ± 0.05 1.27 ± 0.16 0.18 ± 0.02 7.68 ± 0.03 218 7.68 ± 0.04 20 1
116745 222237 4774 ± 38 4.89 ± 0.09 0.49 ± 0.37 -0.26 ± 0.03 7.25 ± 0.02 247 7.24 ± 0.06 14 7
116771 222368 6184 ± 25 4.02 ± 0.05 1.24 ± 0.13 -0.09 ± 0.02 7.41 ± 0.02 214 7.41 ± 0.03 23 5
Stars with debris discs and planets
522 142 6273 ± 28 4.19 ± 0.05 1.73 ± 0.16 -0.01 ± 0.02 7.49 ± 0.03 181 7.49 ± 0.04 23 7
1499 1461 5755 ± 28 4.47 ± 0.07 1.14 ± 0.15 0.16 ± 0.03 7.67 ± 0.04 220 7.67 ± 0.04 20 1
7978 10647 6117 ± 38 4.35 ± 0.08 1.40 ± 0.22 -0.11 ± 0.03 7.39 ± 0.04 202 7.39 ± 0.05 22 7
14954 19994 6140 ± 25 4.01 ± 0.05 1.43 ± 0.11 0.18 ± 0.02 7.68 ± 0.03 170 7.68 ± 0.04 16 3
15510 20794 5387 ± 18 4.49 ± 0.05 0.81 ± 0.16 -0.38 ± 0.02 7.12 ± 0.02 256 7.12 ± 0.03 19 6
16537 22049 5136 ± 18 4.71 ± 0.05 0.90 ± 0.18 -0.03 ± 0.02 7.47 ± 0.03 265 7.47 ± 0.03 19 5
27253 38529 5567 ± 15 3.81 ± 0.04 1.15 ± 0.09 0.32 ± 0.02 7.82 ± 0.03 272 7.82 ± 0.03 23 4
27435 38858 5714 ± 10 4.52 ± 0.02 1.01 ± 0.11 -0.25 ± 0.01 7.25 ± 0.02 256 7.25 ± 0.02 22 4
27887 40307 4923 ± 40 4.97 ± 0.11 0.52 ± 0.43 -0.19 ± 0.04 7.31 ± 0.03 252 7.31 ± 0.07 17 7
28767 40979 6241 ± 25 4.52 ± 0.05 1.40 ± 0.16 0.18 ± 0.02 7.68 ± 0.03 240 7.68 ± 0.04 26 4
30503 45184 5840 ± 10 4.44 ± 0.02 1.05 ± 0.06 0.03 ± 0.01 7.53 ± 0.01 190 7.53 ± 0.01 20 8
31246 46375 5303 ± 20 4.64 ± 0.05 0.77 ± 0.17 0.26 ± 0.02 7.76 ± 0.03 265 7.76 ± 0.03 22 4
32970 50499 6036 ± 18 4.30 ± 0.04 1.32 ± 0.11 0.25 ± 0.02 7.75 ± 0.02 250 7.75 ± 0.03 24 7
33212 50554 5984 ± 13 4.32 ± 0.03 1.23 ± 0.10 -0.09 ± 0.01 7.41 ± 0.02 245 7.41 ± 0.02 24 4
33719 52265 6079 ± 15 4.22 ± 0.03 1.27 ± 0.11 0.16 ± 0.02 7.66 ± 0.02 251 7.66 ± 0.03 26 4
40693 69830 5450 ± 13 4.62 ± 0.03 0.87 ± 0.10 -0.01 ± 0.01 7.50 ± 0.02 270 7.49 ± 0.02 22 5
42282 73526 5633 ± 15 4.20 ± 0.04 1.20 ± 0.09 0.19 ± 0.02 7.69 ± 0.02 266 7.69 ± 0.03 23 7
47007 82943 5990 ± 10 4.46 ± 0.02 1.08 ± 0.08 0.25 ± 0.01 7.75 ± 0.02 264 7.75 ± 0.02 27 4
58451 104067 4997 ± 25 4.79 ± 0.06 0.62 ± 0.38 0.10 ± 0.03 7.60 ± 0.04 268 7.60 ± 0.05 19 4
61028 108874 5614 ± 30 4.39 ± 0.08 0.97 ± 0.17 0.26 ± 0.03 7.77 ± 0.04 272 7.77 ± 0.05 24 4
64924 115617 5579 ± 10 4.51 ± 0.03 0.90 ± 0.09 -0.02 ± 0.01 7.48 ± 0.01 266 7.49 ± 0.02 25 4
65721 117176 5500 ± 10 3.94 ± 0.03 1.05 ± 0.06 -0.11 ± 0.01 7.39 ± 0.01 272 7.39 ± 0.02 25 4
71395 128311 4983 ± 43 4.78 ± 0.12 1.20 ± 0.33 0.08 ± 0.05 7.58 ± 0.06 213 7.58 ± 0.08 13 1
72339 130322 5439 ± 15 4.67 ± 0.03 0.85 ± 0.12 0.04 ± 0.02 7.54 ± 0.02 269 7.54 ± 0.02 22 4
80902 150706 5886 ± 20 4.47 ± 0.04 1.12 ± 0.11 -0.09 ± 0.02 7.41 ± 0.02 254 7.41 ± 0.03 23 4
97546 187085 6043 ± 15 4.21 ± 0.03 1.41 ± 0.11 -0.01 ± 0.01 7.49 ± 0.02 241 7.49 ± 0.02 24 7
99711 192263 5054 ± 45 4.75 ± 0.13 1.20 ± 0.30 -0.01 ± 0.05 7.49 ± 0.05 215 7.49 ± 0.08 14 1
104903 202206 5776 ± 15 4.62 ± 0.03 1.01 ± 0.11 0.30 ± 0.02 7.80 ± 0.02 275 7.80 ± 0.02 25 4
109378 210277 5581 ± 15 4.53 ± 0.04 0.89 ± 0.14 0.26 ± 0.02 7.76 ± 0.03 241 7.76 ± 0.03 19 3
112190 215152 4964 ± 45 4.91 ± 0.14 0.98 ± 0.41 0.05 ± 0.06 7.55 ± 0.06 205 7.55 ± 0.10 10 1
113044 216435 5976 ± 20 4.17 ± 0.05 1.34 ± 0.12 0.17 ± 0.02 7.67 ± 0.03 253 7.67 ± 0.03 25 7
Giant stars with debris discs and planets
75458 137759 4628 ± 33 2.74 ± 0.12 1.20 ± 0.15 0.22 ± 0.05 7.72 ± 0.06 238 7.72 ± 0.09 23 4
Stars with known cool Jupiters
3093 3651 5249 ± 18 4.57 ± 0.04 0.73 ± 0.16 0.19 ± 0.02 7.69 ± 0.03 269 7.69 ± 0.03 21 5
10138 13445 5214 ± 20 4.76 ± 0.05 0.74 ± 0.19 -0.21 ± 0.02 7.29 ± 0.03 262 7.29 ± 0.03 19 6
20723 28185 5662 ± 13 4.51 ± 0.03 0.92 ± 0.08 0.21 ± 0.01 7.71 ± 0.02 262 7.71 ± 0.02 26 4
25110 33564 6339 ± 55 4.13 ± 0.09 1.96 ± 0.38 0.00 ± 0.04 7.50 ± 0.06 126 7.50 ± 0.07 15 3
49699 87883 4998 ± 35 4.73 ± 0.10 0.90 ± 0.33 0.10 ± 0.05 7.60 ± 0.06 221 7.60 ± 0.07 14 1
53721 95128 5850 ± 15 4.28 ± 0.04 1.10 ± 0.08 0.01 ± 0.01 7.51 ± 0.02 248 7.51 ± 0.02 26 5
55848 99492 5619 ± 45 4.59 ± 0.10 0.83 ± 0.20 0.45 ± 0.04 7.94 ± 0.05 170 7.95 ± 0.06 12 2
60081 107148 5786 ± 13 4.47 ± 0.03 1.04 ± 0.07 0.26 ± 0.01 7.76 ± 0.02 276 7.76 ± 0.02 26 4
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HIP HD Teff log g ξt [Fe/H] 〈A(Fe I)〉 nI 〈A(Fe II)〉 nII Spec.†
(K) (cms−2) (kms−1) dex
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
64792 115383 6130 ± 48 4.33 ± 0.10 1.33 ± 0.19 0.18 ± 0.04 7.68 ± 0.04 200 7.68 ± 0.06 20 1
79248 145675 5418 ± 65 4.73 ± 0.16 0.97 ± 0.33 0.50 ± 0.06 8.01 ± 0.08 207 8.00 ± 0.10 18 1
80337 147513 5861 ± 23 4.48 ± 0.05 1.04 ± 0.14 0.06 ± 0.02 7.56 ± 0.03 255 7.56 ± 0.03 23 6
83389 154345 5501 ± 20 4.58 ± 0.05 0.90 ± 0.13 -0.09 ± 0.02 7.41 ± 0.02 223 7.41 ± 0.03 20 3
90485 169830 6219 ± 18 3.97 ± 0.04 1.59 ± 0.09 0.03 ± 0.01 7.53 ± 0.02 237 7.53 ± 0.03 25 7
93017 176051 5920 ± 70 4.49 ± 0.16 1.27 ± 0.34 -0.07 ± 0.05 7.43 ± 0.06 153 7.43 ± 0.08 9 2
95740 183263 6041 ± 40 4.53 ± 0.08 1.01 ± 0.20 0.47 ± 0.04 7.97 ± 0.05 239 7.97 ± 0.06 22 3
96901 186427 5774 ± 15 4.43 ± 0.05 1.04 ± 0.10 0.08 ± 0.02 7.58 ± 0.02 213 7.58 ± 0.03 21 3
116906 222582 5766 ± 10 4.37 ± 0.02 1.05 ± 0.04 -0.02 ± 0.01 7.48 ± 0.01 195 7.48 ± 0.01 20 8
Stars with known low-mass planets
3497 4308 5619 ± 10 4.36 ± 0.03 0.95 ± 0.06 -0.35 ± 0.01 7.15 ± 0.01 189 7.15 ± 0.01 17 8
6379 7924 5272 ± 30 4.79 ± 0.08 0.73 ± 0.28 -0.11 ± 0.03 7.39 ± 0.04 211 7.39 ± 0.05 16 3
43587‡ 75732 5334 ± 20 4.58 ± 0.05 0.80 ± 0.20 0.42 ± 0.03 7.92 ± 0.04 269 7.92 ± 0.04 21 5
54906 97658 5217 ± 33 4.72 ± 0.08 0.95 ± 0.22 -0.26 ± 0.03 7.24 ± 0.03 230 7.24 ± 0.05 16 1
57443 102365 5632 ± 15 4.45 ± 0.04 1.01 ± 0.12 -0.31 ± 0.01 7.19 ± 0.02 236 7.19 ± 0.02 21 6
71681 128621 5251 ± 23 4.56 ± 0.05 0.87 ± 0.21 0.26 ± 0.03 7.76 ± 0.04 269 7.76 ± 0.04 19 6
86796⋆ 160691 5786 ± 18 4.34 ± 0.05 1.19 ± 0.10 0.25 ± 0.02 7.75 ± 0.02 264 7.75 ± 0.03 25 7
98767⋆ 190360 5615 ± 20 4.49 ± 0.05 1.02 ± 0.10 0.21 ± 0.02 7.71 ± 0.03 239 7.71 ± 0.03 20 3
98959 189567 5666 ± 10 4.30 ± 0.02 1.01 ± 0.08 -0.28 ± 0.01 7.22 ± 0.01 188 7.22 ± 0.01 19 8
99825 192310 5132 ± 20 4.68 ± 0.05 0.72 ± 0.34 0.08 ± 0.03 7.58 ± 0.05 268 7.58 ± 0.04 20 6
Stars with hot Jupiters
7513 9826 6183 ± 35 4.16 ± 0.07 1.58 ± 0.20 0.04 ± 0.03 7.54 ± 0.04 207 7.54 ± 0.05 26 5
67275 120136 6569 ± 43 4.51 ± 0.08 1.66 ± 0.22 0.23 ± 0.03 7.73 ± 0.04 145 7.73 ± 0.05 19 7
80838 149026 6300 ± 30 4.73 ± 0.09 1.34 ± 0.23 0.49 ± 0.04 7.99 ± 0.04 220 7.99 ± 0.06 19 3
113357 217014 5786 ± 15 4.34 ± 0.04 1.07 ± 0.09 0.20 ± 0.02 7.70 ± 0.02 227 7.70 ± 0.03 21 3
113421 217107 5680 ± 20 4.47 ± 0.05 1.03 ± 0.10 0.37 ± 0.02 7.87 ± 0.03 237 7.87 ± 0.03 19 3
Notes. †Spectrograph: (1) CAHA/FOCES; (2) TNG/SARG; (3) NOT/FIES; (4) MERCATOR/HERMES; (5) S4N-McD; (6) S4N-FEROS; (7)
ESO/FEROS; (8) ESO/HARPS
‡ It also hosts cool and hot Jupiters planets.
⋆ It also hosts cool Jupiters planets.
A&A–chemical_debris, Online Material p 26
Table 3. Wavelength, excitation potential (EP), and oscillator strength log(g f ) for the lines selected in the present work.
Ion Wavelength (Å) EP (eV) log(g f ) Ref.
C i 6587.61 8.54 -1.021 RA14
C i 7111.47 8.64 -1.074 RA14
C i 7113.18 8.65 -0.762 RA14
C i 7115.17 8.65 -0.930 RA14
C i 7116.96 8.65 -0.910 RA14
O i 7771.94 9.15 0.352 RA14
O i 7774.16 9.15 0.223 RA14
O i 7775.39 9.15 0.002 RA14
Na i 5688.22 2.10 -0.628 NE09
Na i 6154.23 2.10 -1.622 NE09
Na i 6160.75 2.10 -1.363 NE09
Mg i 4730.04 4.35 -2.234 NE09
Mg i 5711.09 4.35 -1.777 NE09
Mg i 6139.24 5.11 -2.300 NE09
Al i 6696.03 3.14 -1.571 NE09
Al i 6698.67 3.14 -1.886 NE09
Si i 5517.54 5.08 -2.496 NE09
Si i 5645.61 4.93 -2.068 NE09
Si i 5684.48 4.95 -1.642 NE09
Si i 5701.11 4.93 -2.034 NE09
Si i 5753.64 5.62 -1.333 NE09
Si i 5772.15 5.08 -1.669 NE09
Si i 5797.87 4.95 -1.912 NE09
Si i 5948.54 5.08 -1.208 NE09
Si i 6125.02 5.61 -1.555 NE09
Si i 6142.49 5.62 -1.520 NE09
Si i 6145.02 5.62 -1.425 NE09
Si i 6195.46 5.87 -1.666 NE09
Si i 6237.33 5.61 -1.116 NE09
Si i 6243.82 5.62 -1.331 NE09
Si i 6244.48 5.62 -1.310 NE09
Si i 6527.21 5.87 -1.227 NE09
Si i 6271.85 5.86 -1.156 NE09
Si i 6741.63 5.98 -1.625 NE09
S i 6046.00 7.87 -0.100 RA14
S i 6052.66 7.87 -0.400 RA14
S i 6757.17 7.87 -0.353 RA14
Ca i 5261.71 2.52 -0.677 NE09
Ca i 5349.47 2.71 -0.581 NE09
Ca i 5512.98 2.93 -0.559 NE09
Ca i 5867.56 2.93 -1.592 NE09
Ca i 6156.02 2.52 -2.497 NE09
Ca i 6161.29 2.52 -1.313 NE09
Ca i 6166.44 2.52 -1.155 NE09
Ca i 6169.04 2.52 -0.800 NE09
Ca i 6449.82 2.52 -0.733 NE09
Ca i 6455.60 2.52 -1.404 NE09
Ca i 6471.67 2.53 -0.825 NE09
Ca i 6499.65 2.52 -0.917 NE09
Sc i 4743.82 1.45 0.297 NE09
Sc i 5520.50 1.87 0.562 NE09
Sc i 5671.82 1.45 0.533 NE09
Sc ii 5526.82 1.77 0.140 NE09
Sc ii 5657.88 1.51 -0.326 NE09
Sc ii 5667.14 1.50 -1.025 NE09
Sc ii 5684.19 1.51 -0.946 NE09
Sc ii 6245.62 1.51 -1.022 NE09
Sc ii 6320.84 1.50 -1.863 NE09
Ti i 4555.49 0.85 -0.575 NE09
Ti i 4562.63 0.02 -2.718 NE09
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Table 3. Continued.
Ion Wavelength (Å) EP (eV) log(g f ) Ref.
Ti i 4645.19 1.73 -0.666 NE09
Ti i 4656.47 0.00 -1.308 NE09
Ti i 4675.11 1.07 -0.939 NE09
Ti i 4722.61 1.05 -1.433 NE09
Ti i 4820.41 1.50 -0.429 NE09
Ti i 4913.62 1.87 0.068 NE09
Ti i 4997.10 0.00 -2.174 NE09
Ti i 5016.17 0.85 -0.657 NE09
Ti i 5039.96 0.02 -1.199 NE09
Ti i 5064.06 2.69 -0.471 NE09
Ti i 5071.49 1.46 -0.797 NE09
Ti i 5113.44 1.44 -0.861 NE09
Ti i 5145.47 1.46 -0.622 NE09
Ti i 5219.70 0.02 -2.254 NE09
Ti i 5490.16 1.46 -1.008 NE09
Ti i 5503.90 2.58 -0.218 NE09
Ti i 5648.57 2.49 -0.410 NE09
Ti i 5662.16 2.32 -0.123 NE09
Ti i 5739.48 2.25 -0.781 NE09
Ti i 5766.33 3.29 0.326 NE09
Ti i 5965.84 1.88 -0.492 NE09
Ti i 5978.55 1.87 -0.602 NE09
Ti i 6064.63 1.05 -1.941 NE09
Ti i 6091.18 2.27 -0.445 NE09
Ti i 6126.22 1.07 -1.416 NE09
Ti i 6258.11 1.44 -0.435 NE09
Ti i 6261.10 1.43 -0.491 NE09
Ti i 6599.12 0.90 -2.069 NE09
Ti ii 4583.41 1.16 -2.840 NE09
Ti ii 4636.33 1.16 -3.152 NE09
Ti ii 4657.20 1.24 -2.379 NE09
Ti ii 4708.67 1.24 -2.392 NE09
Ti ii 4911.20 3.12 -0.537 NE09
Ti ii 5211.54 2.59 -1.490 NE09
Ti ii 5381.03 1.57 -1.904 NE09
Ti ii 5418.77 1.58 -2.104 NE09
V i 6039.72 1.06 -0.650 VALD
V i 6081.44 1.05 -0.579 VALD
V i 6090.21 1.08 -0.062 VALD
V i 6119.52 1.06 -0.320 VALD
V i 6135.36 1.05 -0.746 VALD
V i 6199.20 0.29 -1.300 VALD
V i 6216.35 0.27 -1.290 VALD
V i 6224.53 0.29 -2.010 VALD
V i 6242.83 0.26 -1.550 VALD
V i 6243.10 0.30 -0.980 VALD
V i 6251.83 0.29 -1.340 VALD
V i 6274.65 0.27 -1.670 VALD
V i 6285.15 0.27 -1.510 VALD
V i 6531.41 1.22 -0.840 VALD
Cr i 4575.11 3.37 -1.004 NE09
Cr i 4600.75 1.00 -1.457 NE09
Cr i 4626.18 0.97 -1.467 NE09
Cr i 4633.25 3.13 -1.215 NE09
Cr i 4700.61 2.71 -1.464 NE09
Cr i 4708.02 3.17 -0.104 NE09
Cr i 4730.72 3.08 -0.345 NE09
Cr i 4767.86 3.56 -0.599 NE09
Cr i 4775.14 3.55 -1.025 NE09
Cr i 4936.34 3.11 -0.343 NE09
Cr i 4964.93 0.94 -2.577 NE09
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Table 3. Continued.
Ion Wavelength (Å) EP (eV) log(g f ) Ref.
Cr i 5214.14 3.37 -0.784 NE09
Cr i 5238.97 2.71 -1.427 NE09
Cr i 5247.57 0.96 -1.618 NE09
Cr i 5287.18 3.44 -0.954 NE09
Cr i 5296.70 0.98 -1.373 NE09
Cr i 5300.75 0.98 -2.125 NE09
Cr i 5781.18 3.32 -0.886 NE09
Cr i 5783.07 3.32 -0.472 NE09
Cr i 5787.92 3.32 -0.183 NE09
Cr i 6661.08 4.19 -0.234 NE09
Cr i 6882.52 3.44 -0.392 NE09
Cr ii 4588.20 4.07 -0.752 NE09
Cr ii 4592.05 4.07 -1.252 NE09
Cr ii 4884.61 3.86 -2.069 NE09
Mn i 4502.21 2.92 -0.523 NE09
Mn i 4671.77 2.89 -1.567 NE09
Mn i 4739.11 2.94 -0.462 NE09
Mn i 5377.62 3.84 -0.068 NE09
Mn i 5399.47 3.85 -0.104 NE09
Mn i 5413.67 3.86 -0.476 NE09
Co i 6093.14 1.74 -2.440 VALD
Co i 6189.00 1.71 -2.450 VALD
Co i 6454.99 3.63 -0.250 VALD
Co i 6814.94 1.96 -1.900 VALD
Ni i 4512.99 3.71 -1.470 NE09
Ni i 4811.99 3.66 -1.480 NE09
Ni i 4814.60 3.60 -1.620 NE09
Ni i 4913.98 3.74 -0.630 NE09
Ni i 4946.04 3.80 -1.290 NE09
Ni i 4952.29 3.61 -1.736 NE09
Ni i 4976.33 1.68 -3.100 NE09
Ni i 4995.66 3.63 -1.580 NE09
Ni i 5010.94 3.63 -0.870 NE09
Ni i 5081.11 3.85 0.300 NE09
Ni i 5094.41 3.83 -1.080 NE09
Ni i 5392.33 4.15 -1.320 NE09
Ni i 5435.86 1.99 -2.590 NE09
Ni i 5462.50 3.85 -0.930 NE09
Ni i 5587.87 1.93 -2.140 NE09
Ni i 5589.36 3.90 -1.140 NE09
Ni i 5625.32 4.09 -0.700 NE09
Ni i 5628.35 4.09 -0.941 NE09
Ni i 5638.75 3.90 -1.720 NE09
Ni i 5641.88 4.11 -1.070 NE09
Ni i 5643.08 4.16 -1.240 NE09
Ni i 5694.99 4.09 -0.610 NE09
Ni i 5748.36 1.68 -3.260 NE09
Ni i 5805.22 4.17 -0.640 NE09
Ni i 5847.00 1.68 -3.410 NE09
Ni i 5996.73 4.24 -1.060 NE09
Ni i 6086.29 4.27 -0.530 NE09
Ni i 6108.12 1.68 -2.450 NE09
Ni i 6111.08 4.09 -0.870 NE09
Ni i 6119.76 4.27 -1.350 NE09
Ni i 6128.98 1.68 -3.330 NE09
Ni i 6130.14 4.27 -0.960 NE09
Ni i 6175.37 4.09 -0.530 NE09
Ni i 6176.82 4.09 -0.260 NE09
Ni i 6177.25 1.83 -3.500 NE09
Ni i 6186.72 4.11 -0.960 NE09
Ni i 6204.61 4.09 -1.100 NE09
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Table 3. Continued.
Ion Wavelength (Å) EP (eV) log(g f ) Ref.
Ni i 6223.99 4.11 -0.910 NE09
Ni i 6230.10 4.11 -1.260 NE09
Ni i 6322.17 4.15 -1.170 NE09
Ni i 6327.60 1.68 -3.150 NE09
Ni i 6360.81 4.17 -1.279 NE09
Ni i 6378.26 4.15 -0.830 NE09
Ni i 6598.60 4.24 -0.980 NE09
Ni i 6635.13 4.42 -0.820 NE09
Ni i 6767.78 1.83 -2.170 NE09
Ni i 6772.32 3.66 -0.980 NE09
Ni i 6842.04 3.66 -1.480 NE09
Cu i 7933.12 3.79 -0.372 VALD
Cu i 8092.63 3.82 -0.045 VALD
Zn i 4810.54 4.08 -0.29 TA05
Zn i 6362.35 5.79 0.09 TA05
Notes. RA14: Ramírez et al. (2014), NE09: Neves et al. (2009) VALD: Piskunov et al. (1995); Kupka et al. (1999), TA05: Takeda & Honda (2005)
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Table 11. Derived abundances [X/H]
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
171 SWDs 0.31 -0.13 -0.73 -0.46 -0.52 -0.59 -0.51 -0.61 -0.66 -0.51 -0.59 -0.60 -0.77 -0.74 -1.09 -0.75 -0.82 -1.14 -0.47
0.21 0.05 0.06 0.10 0.06 0.01 0.05 0.04 0.14 0.06 0.04 0.05 0.05 0.07 0.05 0.04 0.03 0.02 0.12
490 SWDs -0.13 -0.04 -0.17 -0.28 -0.13 -0.08 -0.17 -0.01 -0.26 -0.16 -0.26 -0.20 -0.15 -0.27 -0.07 -0.22 -0.36
0.12 0.03 0.07 0.03 0.03 0.22 0.06 0.02 0.06 0.06 0.08 0.11 0.07 0.05 0.05 0.04 0.05
522 SWDPs -0.14 -0.06 0.12 -0.05 0.17 0.06 0.00 0.01 0.14 -0.10 -0.07 -0.07 0.09 -0.02 -0.06 0.00 -0.02 -0.16
0.07 0.03 0.07 0.10 0.01 0.02 0.20 0.05 0.03 0.05 0.04 0.05 0.09 0.04 0.07 0.05 0.03 0.04
544 SWDs 0.09 0.03 -0.01 0.03 0.06 0.10 0.07 0.08 0.08 0.04 0.11 0.09 0.18 0.13 0.14 0.16 0.10 0.07 -0.03 -0.06
0.11 0.05 0.04 0.04 0.03 0.02 0.11 0.05 0.04 0.06 0.05 0.05 0.04 0.04 0.05 0.06 0.04 0.02 0.12 0.04
910 SWODs -0.14 -0.27 -0.32 -0.62 -0.32 -0.29 -0.48 -0.36 -0.40 -0.36 -0.42 -0.39 -0.52 -0.50 -0.42 -0.46
0.02 0.06 0.08 0.01 0.01 0.04 0.05 0.03 0.05 0.05 0.04 0.07 0.06 0.03 0.02 0.04
1499 SWDPs 0.19 0.03 0.25 0.21 0.39 0.20 0.20 0.13 0.11 0.24 0.12 0.26 0.23 0.11 0.24 0.38 0.19 0.17 0.44 0.26
0.14 0.11 0.04 0.05 0.22 0.01 0.06 0.06 0.04 0.06 0.04 0.14 0.04 0.05 0.08 0.06 0.03 0.02 0.08 0.19
1598 SWDs -0.31 -0.15 -0.30 -0.21 -0.16 -0.25 -0.28 -0.21 -0.26 -0.31 -0.27 -0.18 -0.27 -0.27 -0.20 -0.34 -0.42 -0.33 -0.47 -0.32
0.02 0.06 0.04 0.05 0.11 0.01 0.07 0.05 0.03 0.05 0.04 0.12 0.04 0.07 0.05 0.08 0.02 0.02 0.01 0.09
1599 SWDs -0.25 -0.09 -0.21 -0.16 -0.16 -0.18 -0.09 -0.18 -0.27 -0.23 -0.26 -0.25 -0.26 -0.18 -0.28 -0.16 -0.28 -0.45 -0.29
0.07 0.10 0.04 0.08 0.03 0.01 0.02 0.04 0.06 0.02 0.05 0.06 0.03 0.07 0.05 0.12 0.02 0.04 0.07
2941 SWODs -0.02 -0.10 -0.14 -0.04 -0.14 0.48 -0.16 -0.13 -0.14 0.01 -0.07 -0.10 -0.07 -0.11 0.08
0.07 0.03 0.03 0.04 0.02 0.03 0.06 0.03 0.05 0.05 0.05 0.06 0.05 0.03 0.04
3093 Cool 0.47 0.06 0.23 0.28 0.30 0.23 0.26 0.06 0.18 0.18 0.22 0.15 0.24 0.16 0.23 0.44 0.24 0.19 0.78 0.18
0.12 0.14 0.04 0.03 0.07 0.02 0.04 0.05 0.09 0.05 0.06 0.05 0.05 0.05 0.06 0.07 0.04 0.03 0.27 0.04
3170 SWODs -0.36 -0.27 -0.22 -0.23 -0.27 -0.39 -0.23 -0.40 -0.31 -0.32 -0.36 -0.34 -0.34 -0.43 -0.34 -0.35 -0.38
0.02 0.06 0.08 0.03 0.01 0.14 0.04 0.05 0.02 0.04 0.03 0.04 0.07 0.04 0.06 0.02 0.05
3185 SWODs -0.14 -0.14 -0.49 -0.31 -0.33 -0.39 -0.41 -0.50 -0.51 -0.36 -0.39 -0.52 -0.62 -0.62 -0.86 -0.52 -0.65 -0.65 -0.45
0.03 0.08 0.03 0.07 0.04 0.02 0.05 0.04 0.07 0.06 0.05 0.05 0.04 0.06 0.07 0.08 0.03 0.21 0.07
3497 Low-mass -0.26 -0.27 -0.09 -0.09 -0.19 -0.19 -0.22 -0.22 -0.28 -0.17 -0.15 -0.23 -0.33 -0.28 -0.52 -0.27 -0.34 -0.22
0.03 0.03 0.07 0.02 0.02 0.10 0.05 0.07 0.05 0.04 0.05 0.06 0.04 0.05 0.05 0.04 0.02 0.07
3559 SWODs -0.26 -0.11 -0.28 -0.19 -0.24 -0.24 -0.32 -0.24 -0.40 -0.36 -0.31 -0.29 -0.35 -0.33 -0.27 -0.42 -0.43 -0.36 -0.41 -0.36
0.06 0.05 0.06 0.08 0.02 0.01 0.20 0.05 0.03 0.05 0.03 0.04 0.05 0.04 0.06 0.05 0.05 0.02 0.05 0.06
3765 SWODs 0.35 -0.15 -0.38 -0.26 -0.15 -0.20 -0.32 -0.16 -0.23 -0.11 -0.16 -0.08 -0.25 -0.16 -0.28 -0.19 -0.24 -0.07 -0.21
0.06 0.08 0.12 0.04 0.04 0.03 0.07 0.10 0.06 0.09 0.07 0.09 0.06 0.08 0.09 0.06 0.04 0.05 0.14
3821 SWODs -0.22 -0.10 -0.24 -0.22 -0.30 -0.28 -0.02 -0.24 -0.38 -0.32 -0.30 -0.34 -0.30 -0.25 -0.12 -0.29 -0.32 -0.51 -0.32
0.07 0.03 0.04 0.08 0.02 0.01 0.02 0.04 0.04 0.03 0.05 0.04 0.03 0.06 0.28 0.10 0.02 0.05 0.07
3909 SWODs -0.20 -0.15 -0.09 -0.24 -0.14 -0.39 -0.07 -0.28 -0.19 -0.23 -0.18 -0.14 -0.08 -0.19 -0.28 -0.21
0.02 0.06 0.03 0.01 0.01 0.08 0.05 0.04 0.03 0.05 0.04 0.04 0.06 0.06 0.02 0.02
4148 SWDs 0.51 -0.02 -0.34 -0.20 -0.07 -0.11 -0.22 -0.10 -0.21 -0.09 -0.12 0.00 -0.14 -0.11 -0.18 -0.16 -0.16 0.02
0.06 0.14 0.16 0.04 0.05 0.04 0.08 0.12 0.08 0.10 0.09 0.10 0.07 0.08 0.08 0.05 0.05 0.16
5336 SWDs -0.24 -0.80 -0.52 -0.56 -0.62 -0.59 -0.79 -0.84 -0.55 -0.63 -0.73 -0.86 -0.74 -1.08 -0.77 -0.85 -1.17 -0.66
0.07 0.02 0.11 0.02 0.02 0.06 0.03 0.05 0.05 0.04 0.05 0.05 0.04 0.05 0.04 0.02 0.07 0.03
5862 SWDs 0.13 0.00 0.20 0.11 0.09 0.13 0.07 0.10 0.06 0.00 0.02 0.01 0.05 0.07 0.13 0.17 -0.04 0.08 -0.07 0.09
0.08 0.07 0.06 0.08 0.02 0.02 0.17 0.04 0.02 0.04 0.03 0.04 0.03 0.03 0.06 0.05 0.05 0.02 0.06 0.14
5944 SWDs -0.12 -0.11 -0.17 -0.14 -0.36 -0.08 -0.14 -0.10 -0.17 -0.09 -0.16 -0.08 -0.08 -0.13 -0.12 -0.15 -0.18 -0.45 -0.26
0.13 0.05 0.07 0.12 0.01 0.01 0.02 0.05 0.09 0.04 0.06 0.11 0.04 0.06 0.06 0.02 0.03 0.01 0.05
6379 Low-mass -0.14 0.00 -0.13 -0.16 -0.07 -0.08 0.00 -0.12 0.05 -0.11 -0.23 -0.01 -0.07 -0.15 -0.45
0.05 0.02 0.01 0.05 0.08 0.06 0.06 0.07 0.04 0.05 0.06 0.05 0.05 0.02 0.24
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
7513 Hot -0.06 0.00 0.14 0.04 -0.02 0.09 0.05 0.06 0.01 0.08 0.02 0.08 0.04 0.07 0.08 -0.12 0.03 -0.37 -0.03
0.09 0.03 0.06 0.13 0.13 0.02 0.15 0.05 0.05 0.03 0.06 0.10 0.04 0.07 0.05 0.11 0.03 0.15 0.04
7576 SWDs 0.28 -0.04 -0.10 -0.09 0.07 -0.06 0.11 -0.06 -0.18 -0.14 -0.04 -0.12 0.08 -0.15 0.09 -0.08 -0.13 -0.14 -0.26 -0.32
0.03 0.12 0.10 0.04 0.07 0.02 0.03 0.05 0.08 0.08 0.06 0.05 0.05 0.07 0.15 0.07 0.05 0.03 0.08 0.03
7978 SWDPs -0.13 -0.19 -0.21 -0.26 -0.12 -0.19 -0.05 -0.35 -0.16 -0.18 0.03 -0.13 -0.16 -0.14 -0.15 -0.18 -0.57 -0.35
0.20 0.02 0.15 0.04 0.02 0.19 0.06 0.04 0.03 0.05 0.17 0.04 0.06 0.06 0.02 0.03 0.01 0.10
7981 SWODs 0.38 -0.03 -0.15 0.06 0.05 0.04 0.32 -0.05 0.03 -0.04 0.08 0.02 0.09 -0.01 0.02 0.14 0.04 0.00 0.31 -0.02
0.03 0.05 0.09 0.03 0.02 0.01 0.03 0.05 0.05 0.07 0.05 0.05 0.04 0.05 0.07 0.04 0.05 0.02 0.05 0.03
8102 SWDs -0.15 -0.50 -0.27 -0.26 -0.37 -0.39 -0.40 -0.48 -0.29 -0.35 -0.39 -0.51 -0.47 -0.66 -0.46 -0.53 -0.59 -0.39
0.04 0.04 0.09 0.02 0.01 0.05 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.05 0.04 0.02 0.02 0.04
8486 SWODs -0.10 -0.07 -0.22 -0.10 -0.16 -0.11 -0.16 -0.06 -0.14 -0.18 -0.11 -0.12 -0.13 -0.08 -0.02 -0.16 -0.23 -0.18 -0.41 -0.19
0.10 0.04 0.04 0.08 0.02 0.01 0.14 0.05 0.02 0.04 0.03 0.04 0.03 0.03 0.06 0.05 0.05 0.02 0.05 0.11
10138 Cool 0.13 -0.02 -0.27 -0.08 -0.09 -0.14 -0.22 -0.18 -0.20 -0.09 -0.12 -0.07 -0.22 -0.18 -0.24 -0.15 -0.25 0.01 -0.07
0.03 0.11 0.07 0.08 0.03 0.02 0.05 0.07 0.06 0.06 0.05 0.05 0.04 0.05 0.05 0.05 0.03 0.04 0.05
10306 SWODs -0.43 -0.19 -0.26 -0.35 -0.22 -0.52 -0.11 -0.37 -0.20 -0.30 -0.22 -0.23 -0.36 -0.30 -0.29 -0.37
0.02 0.05 0.07 0.01 0.01 0.14 0.05 0.05 0.04 0.05 0.07 0.04 0.09 0.06 0.02 0.04
10798 SWODs -0.31 -0.46 -0.35 -0.38 -0.44 -0.42 -0.45 -0.56 -0.39 -0.47 -0.45 -0.48 -0.39 -0.53 -0.48 -0.54 -0.53 -0.51
0.06 0.03 0.09 0.03 0.01 0.05 0.06 0.05 0.05 0.04 0.04 0.04 0.06 0.05 0.05 0.02 0.02 0.06
11072 SWODs 0.02 0.04 -0.02 -0.04 -0.03 -0.10 -0.04 -0.10 -0.12 -0.11 -0.10 -0.03 -0.08 -0.08 -0.10 -0.17 -0.07 -0.09
0.02 0.05 0.04 0.01 0.01 0.15 0.04 0.02 0.05 0.03 0.05 0.04 0.03 0.06 0.04 0.06 0.02 0.06
12114 SWODs 0.09 -0.01 -0.13 0.20 0.03 -0.12 0.17 -0.12 0.14 -0.15 0.29 -0.06 0.01 -0.14 -0.01 -0.13 -0.03 0.22
0.07 0.11 0.04 0.06 0.04 0.08 0.15 0.09 0.10 0.09 0.10 0.07 0.26 0.14 0.05 0.04 0.21 0.13
12777 SWODs -0.08 -0.02 -0.08 -0.11 -0.10 0.01 0.03 -0.01 -0.04 -0.06 -0.13 -0.03 0.04 0.02 -0.08 -0.18 -0.08 -0.78 -0.06
0.06 0.03 0.11 0.11 0.09 0.04 0.20 0.05 0.19 0.03 0.05 0.06 0.04 0.06 0.05 0.02 0.04 0.26 0.17
13402 SWDs 0.45 0.14 0.04 -0.01 0.08 0.07 0.01 0.05 -0.03 0.13 0.02 0.22 0.13 0.06 0.24 0.06 0.04 0.14 -0.07
0.03 0.15 0.09 0.03 0.04 0.02 0.06 0.08 0.06 0.06 0.05 0.05 0.05 0.07 0.05 0.05 0.02 0.04 0.03
13642 SWDs 0.60 0.10 0.32 0.21 0.49 0.31 0.12 0.33 0.24 0.29 0.21 0.49 0.14 0.21 0.54 0.37 0.26 0.63 0.46
0.03 0.28 0.13 0.03 0.13 0.02 0.05 0.16 0.07 0.06 0.10 0.07 0.07 0.05 0.07 0.05 0.03 0.16 0.22
14632 SWODs 0.10 0.07 0.17 0.12 0.11 0.11 -0.02 0.09 0.07 0.05 0.04 0.07 0.03 0.07 0.15 0.11 0.06 0.09 0.10 0.08
0.12 0.03 0.04 0.04 0.03 0.01 0.06 0.04 0.02 0.04 0.02 0.04 0.03 0.03 0.07 0.04 0.04 0.02 0.12 0.11
14954 SWDPs 0.08 0.33 -0.02 0.14 0.22 -0.03 0.16 0.27 0.14 0.10 0.10 0.21 0.20 0.21 0.26 0.11 0.19 0.02
0.02 0.08 0.22 0.01 0.01 0.06 0.05 0.02 0.05 0.03 0.06 0.04 0.05 0.05 0.06 0.02 0.02 0.04
15330 SWODs -0.14 -0.04 -0.26 -0.14 -0.12 -0.20 -0.17 -0.18 -0.21 -0.11 -0.18 -0.20 -0.22 -0.22 -0.05 -0.25 -0.20 -0.26 -0.40 -0.28
0.08 0.10 0.03 0.08 0.03 0.01 0.03 0.05 0.03 0.14 0.04 0.04 0.03 0.04 0.15 0.05 0.06 0.02 0.09 0.11
15371 SWDs -0.20 -0.07 -0.30 -0.17 -0.18 -0.24 -0.21 -0.24 -0.28 -0.26 -0.29 -0.32 -0.28 -0.29 -0.31 -0.31 -0.31 -0.42 -0.28
0.04 0.08 0.05 0.08 0.02 0.01 0.02 0.05 0.08 0.03 0.04 0.05 0.03 0.06 0.04 0.07 0.02 0.06 0.07
15457 SWODs 0.13 0.02 -0.03 0.04 0.00 0.06 0.04 0.08 0.02 -0.04 0.06 -0.02 0.08 0.08 0.08 0.11 -0.04 0.03 -0.18 -0.06
0.06 0.04 0.03 0.05 0.02 0.01 0.11 0.05 0.03 0.05 0.03 0.05 0.03 0.04 0.05 0.05 0.05 0.02 0.01 0.08
15510 SWDPs 0.05 -0.02 -0.32 -0.06 -0.05 -0.18 0.08 -0.26 -0.28 -0.21 -0.14 -0.14 -0.24 -0.38 -0.35 -0.54 -0.29 -0.38 -0.45 -0.27
0.03 0.29 0.05 0.09 0.02 0.01 0.03 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.05 0.03 0.02 0.08 0.09
16537 SWDPs 0.36 0.01 -0.15 -0.10 -0.06 -0.05 -0.11 -0.09 -0.18 0.00 -0.10 0.02 -0.03 -0.01 0.01 -0.11 -0.11 0.01 -0.15
0.04 0.05 0.03 0.03 0.05 0.02 0.07 0.08 0.06 0.06 0.06 0.05 0.05 0.08 0.06 0.05 0.03 0.04 0.04
16852 SWDs -0.08 -0.02 -0.02 -0.07 -0.12 -0.06 0.00 -0.06 -0.14 -0.18 -0.14 -0.15 -0.12 -0.13 -0.13 -0.14 -0.22 -0.14 -0.25 -0.11
0.09 0.03 0.06 0.06 0.01 0.01 0.16 0.04 0.02 0.04 0.02 0.05 0.04 0.03 0.07 0.06 0.04 0.02 0.07 0.08
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
17378 SWODs 0.62 0.19 0.07 0.26 0.24 0.20 0.33 0.08 0.15 0.16 0.19 0.12 0.18 0.13 0.14 0.39 0.16 0.16 0.69 0.20
0.22 0.12 0.10 0.04 0.04 0.03 0.05 0.06 0.13 0.06 0.08 0.08 0.08 0.06 0.13 0.08 0.05 0.04 0.04 0.10
17420 SWDs -0.02 -0.10 -0.14 -0.01 -0.06 -0.16 -0.02 -0.15 0.00 -0.07 0.07 -0.05 0.01 0.14 -0.07 -0.09 0.02 -0.06
0.17 0.05 0.04 0.04 0.03 0.07 0.13 0.08 0.09 0.08 0.08 0.06 0.09 0.19 0.05 0.04 0.05 0.07
19849 SWODs 0.20 0.01 -0.25 -0.08 0.03 -0.12 0.13 -0.19 -0.11 -0.14 0.00 -0.12 -0.04 -0.25 -0.26 -0.31 -0.16 -0.25 -0.19 -0.13
0.04 0.06 0.07 0.03 0.03 0.02 0.04 0.06 0.09 0.06 0.06 0.06 0.06 0.05 0.06 0.05 0.04 0.03 0.03 0.04
19855 SWODs -0.03 -0.15 -0.10 -0.08 -0.06 -0.05 -0.09 -0.08 -0.03 -0.06 0.04 0.01 0.09 -0.02 -0.13 -0.12 -0.24 -0.16
0.06 0.02 0.07 0.02 0.02 0.05 0.03 0.06 0.04 0.05 0.05 0.05 0.17 0.05 0.05 0.02 0.02 0.15
20723 Cool 0.14 0.12 0.34 0.28 0.25 0.23 0.14 0.13 0.18 0.24 0.18 0.20 0.20 0.20 0.24 0.45 0.25 0.24 0.62 0.20
0.12 0.05 0.03 0.05 0.03 0.02 0.09 0.05 0.04 0.05 0.04 0.05 0.04 0.04 0.05 0.08 0.05 0.02 0.18 0.08
22263 SWDs -0.16 -0.02 -0.10 -0.01 -0.05 -0.01 -0.22 0.02 -0.06 -0.10 -0.02 -0.04 -0.03 0.01 0.14 -0.01 -0.13 -0.07 -0.24 -0.17
0.05 0.04 0.02 0.04 0.02 0.01 0.02 0.04 0.03 0.05 0.03 0.04 0.03 0.04 0.15 0.06 0.04 0.02 0.04 0.09
23311 SWODs 1.18 0.36 0.19 0.52 0.41 0.76 0.21 0.72 0.29 0.48 0.37 0.64 0.35 0.35 0.50 0.40 0.38 1.07
0.09 0.14 0.04 0.09 0.04 0.16 0.11 0.24 0.09 0.12 0.11 0.10 0.07 0.11 0.12 0.06 0.05 0.06
23816 SWDs -0.27 -0.12 -0.17 -0.16 0.04 -0.10 -0.06 -0.07 -0.06 0.06 -0.11 -0.04 -0.31 -0.10 -0.18 -0.18
0.02 0.06 0.10 0.07 0.16 0.06 0.05 0.04 0.06 0.08 0.06 0.06 0.10 0.21 0.04 0.06
24205 SWDs -0.36 -0.10 -0.19 -0.13 -0.17 -0.15 -0.28 -0.09 -0.17 -0.23 -0.16 -0.17 -0.26 -0.15 -0.17 -0.28 -0.29 -0.22 -0.52 -0.29
0.05 0.03 0.03 0.09 0.01 0.01 0.11 0.04 0.02 0.05 0.03 0.05 0.04 0.04 0.05 0.06 0.11 0.02 0.12 0.09
24786 SWODs -0.03 -0.07 -0.09 0.01 -0.04 -0.05 0.02 0.15 0.15 0.17 0.15 0.02 -0.09 -0.01 0.02
0.05 0.10 0.03 0.09 0.02 0.20 0.07 0.02 0.06 0.06 0.07 0.07 0.06 0.04 0.04
24813 SWODs 0.05 0.04 0.11 0.12 0.12 0.10 -0.02 0.10 0.06 0.04 0.04 0.06 0.03 0.05 0.07 0.09 0.03 0.07 0.45 0.04
0.09 0.03 0.03 0.03 0.01 0.01 0.10 0.04 0.04 0.05 0.03 0.05 0.03 0.03 0.06 0.04 0.04 0.02 0.01 0.11
25110 Cool -0.03 -0.05 0.05 0.15 0.08 -0.11 -0.02 -0.08 -0.01 -0.12 0.26 0.13 -0.09 0.11 0.00 -0.03
0.03 0.02 0.03 0.02 0.02 0.08 0.06 0.04 0.08 0.07 0.15 0.11 0.07 0.08 0.04 0.03
26779 SWDs 0.52 0.07 -0.13 0.07 0.10 0.13 0.25 0.07 0.08 0.10 0.17 0.12 0.20 0.15 0.14 0.26 0.09 0.09 0.21 0.07
0.04 0.06 0.08 0.03 0.04 0.01 0.03 0.05 0.06 0.06 0.05 0.05 0.04 0.04 0.06 0.06 0.04 0.02 0.07 0.07
27072 SWDs -0.13 -0.06 -0.05 -0.13 -0.28 -0.06 -0.67 -0.06 -0.13 -0.03 -0.08 0.10 -0.05 -0.05 -0.12 0.15 -0.09 -0.45 -0.32
0.13 0.03 0.08 0.10 0.26 0.02 0.02 0.06 0.05 0.04 0.05 0.23 0.04 0.05 0.04 0.02 0.03 0.05 0.06
27253 SWDPs 0.02 0.19 0.45 0.41 0.38 0.38 0.41 0.26 0.28 0.36 0.30 0.34 0.31 0.31 0.37 0.63 0.33 0.36 0.69 0.24
0.16 0.07 0.05 0.08 0.04 0.02 0.08 0.04 0.04 0.05 0.04 0.07 0.04 0.04 0.05 0.06 0.05 0.03 0.04 0.10
27435 SWDPs -0.22 -0.13 -0.28 -0.23 -0.28 -0.24 -0.08 -0.22 -0.28 -0.32 -0.24 -0.26 -0.28 -0.26 -0.19 -0.31 -0.28 -0.30 -0.45 -0.31
0.09 0.05 0.02 0.11 0.04 0.02 0.03 0.05 0.03 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.02 0.02 0.07
27887 SWDPs 0.41 -0.31 -0.29 -0.10 -0.15 -0.33 -0.07 -0.14 -0.09 -0.06 0.04 -0.24 -0.16 -0.26 -0.12 -0.20 -0.14 -0.01
0.06 0.08 0.04 0.04 0.03 0.07 0.12 0.08 0.10 0.08 0.10 0.07 0.11 0.09 0.06 0.05 0.18 0.18
27913 SWODs -0.12 -0.29 -0.10 -0.06 -0.13 -0.01 -0.15 -0.03 -0.05 -0.07 0.06 -0.03 -0.03 0.01 0.02 -0.02 -0.11 -0.08 -0.30 -0.14
0.13 0.16 0.05 0.11 0.09 0.01 0.11 0.05 0.03 0.08 0.04 0.05 0.07 0.05 0.06 0.06 0.10 0.03 0.10 0.06
27980 SWDs -0.06 0.03 0.05 0.16 0.12 0.11 0.01 0.14 0.08 0.10 0.11 0.11 0.10 0.13 0.18 0.16 0.01 0.10 -0.07 -0.03
0.05 0.05 0.03 0.03 0.02 0.01 0.03 0.04 0.02 0.04 0.03 0.05 0.03 0.03 0.06 0.04 0.05 0.02 0.03 0.10
28767 SWDPs -0.09 -0.56 0.19 0.09 0.15 0.16 0.13 0.16 0.10 0.13 0.16 0.16 0.14 0.17 0.19 0.27 0.04 0.15 -0.10 -0.07
0.03 0.03 0.04 0.07 0.01 0.02 0.14 0.05 0.02 0.05 0.04 0.05 0.06 0.03 0.08 0.05 0.26 0.02 0.17 0.10
28954 SWODs 0.28 -0.08 -0.13 0.02 0.15 0.05 0.23 -0.05 0.00 -0.09 0.05 0.02 0.18 0.09 0.07 0.14 -0.03 -0.07 -0.06
0.03 0.07 0.09 0.05 0.14 0.03 0.03 0.05 0.10 0.06 0.05 0.13 0.07 0.06 0.06 0.07 0.04 0.02 0.02
29271 SWDs 0.17 0.03 0.11 0.17 0.16 0.12 -0.07 0.05 0.07 0.09 0.09 0.11 0.13 0.11 0.15 0.25 0.15 0.12 0.14 0.07
0.19 0.11 0.05 0.04 0.06 0.02 0.04 0.05 0.04 0.05 0.05 0.05 0.04 0.04 0.05 0.05 0.05 0.02 0.09 0.13
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
29568 SWODs -0.08 -0.04 -0.19 -0.06 -0.03 -0.03 -0.04 0.02 -0.06 -0.11 0.02 -0.08 0.13 0.04 0.11 0.03 -0.12 -0.11 -0.30 -0.06
0.17 0.14 0.07 0.04 0.03 0.02 0.15 0.06 0.03 0.06 0.04 0.05 0.07 0.05 0.17 0.06 0.05 0.02 0.02 0.17
30503 SWDPs -0.21 0.00 0.11 0.01 0.01 -0.10 0.02 -0.03 -0.06 0.00 0.01 -0.02 0.03 0.04 0.00 -0.06 -0.01 -0.03
0.02 0.02 0.08 0.01 0.01 0.10 0.05 0.03 0.05 0.03 0.04 0.03 0.03 0.05 0.04 0.04 0.02 0.06
31246 SWDPs 0.36 0.16 0.36 0.30 0.36 0.29 0.26 0.14 0.30 0.28 0.27 0.30 0.36 0.24 0.26 0.54 0.33 0.30 0.74 0.28
0.08 0.09 0.03 0.03 0.02 0.01 0.04 0.05 0.09 0.05 0.06 0.06 0.04 0.05 0.04 0.07 0.05 0.03 0.02 0.07
31711 SWDs 0.02 -0.06 -0.28 -0.18 -0.12 -0.26 -0.28 -0.09 -0.22 0.18 -0.17 -0.39 -0.05 -0.21 -0.92 -0.28
0.02 0.03 0.11 0.12 0.07 0.12 0.16 0.10 0.08 0.06 0.11 0.06 0.06 0.05 0.04 0.13
32439 SWODs -0.29 -0.03 -0.11 -0.14 -0.13 -0.14 -0.18 -0.11 -0.29 -0.13 -0.18 -0.18 -0.19 0.00 -0.20 -0.01 -0.22 -0.22 -0.23
0.06 0.04 0.09 0.11 0.01 0.03 0.23 0.05 0.07 0.05 0.12 0.05 0.08 0.13 0.07 0.06 0.03 0.04 0.08
32480 SWDs -0.06 0.00 0.06 0.11 0.17 0.10 0.03 0.10 -0.02 0.04 0.13 0.05 0.11 0.07 0.15 -0.09 0.06 -0.11 -0.07
0.06 0.04 0.11 0.03 0.10 0.02 0.12 0.04 0.04 0.03 0.15 0.04 0.03 0.07 0.06 0.05 0.02 0.06 0.05
32970 SWDPs 0.23 0.13 0.43 0.27 0.30 0.32 0.28 0.22 0.27 0.24 0.21 0.21 0.25 0.22 0.33 0.40 0.21 0.30 0.37 0.33
0.08 0.03 0.02 0.04 0.01 0.02 0.14 0.04 0.02 0.04 0.02 0.04 0.03 0.04 0.09 0.04 0.05 0.02 0.15 0.17
32984 SWODs 0.93 0.09 -0.10 -0.25 0.00 0.02 -0.14 0.12 -0.08 0.03 0.02 0.23 0.03 -0.05 0.05 0.04 -0.03 0.19 -0.01
0.03 0.04 0.09 0.03 0.04 0.03 0.08 0.13 0.07 0.05 0.08 0.05 0.05 0.07 0.07 0.05 0.04 0.05 0.08
33212 SWDPs -0.23 -0.02 -0.05 -0.05 -0.09 -0.07 -0.28 -0.05 -0.15 -0.16 -0.10 -0.12 -0.17 -0.10 -0.03 -0.16 -0.11 -0.13 -0.25 -0.18
0.10 0.04 0.04 0.05 0.03 0.01 0.02 0.04 0.02 0.04 0.02 0.04 0.04 0.03 0.10 0.04 0.07 0.02 0.03 0.06
33277 SWODs -0.28 -0.11 -0.13 0.11 -0.06 -0.15 -0.18 -0.11 -0.26 -0.20 -0.22 -0.19 -0.19 -0.08 -0.32 -0.30 -0.25 -0.41 -0.12
0.13 0.09 0.05 0.18 0.10 0.01 0.28 0.09 0.07 0.03 0.05 0.07 0.03 0.09 0.08 0.10 0.02 0.02 0.10
33690 SWDs 0.29 0.04 0.09 0.12 0.12 0.15 0.23 0.06 0.04 0.11 0.12 0.11 0.21 0.12 0.17 0.31 0.10 0.10 0.07 0.13
0.03 0.14 0.05 0.03 0.03 0.02 0.05 0.05 0.06 0.06 0.05 0.05 0.04 0.05 0.04 0.06 0.05 0.03 0.04 0.19
33719 SWDPs 0.07 0.04 0.22 0.14 0.08 0.18 -0.02 0.18 0.18 0.07 0.12 0.12 0.16 0.17 0.21 0.19 0.10 0.16 0.03 0.14
0.08 0.03 0.04 0.05 0.06 0.02 0.04 0.04 0.02 0.04 0.02 0.04 0.06 0.04 0.11 0.04 0.10 0.02 0.05 0.13
34017 SWODs -0.12 -0.10 -0.14 -0.08 0.00 -0.12 -0.12 -0.10 0.12 -0.25 -0.16 -0.05 -0.14 -0.14 -0.07 -0.21 -0.18 -0.17 -0.31 -0.09
0.05 0.06 0.05 0.06 0.04 0.01 0.11 0.04 0.02 0.07 0.03 0.15 0.03 0.03 0.06 0.05 0.04 0.02 0.06 0.07
34065 SWODs -0.19 -0.21 -0.08 -0.08 -0.17 -0.22 -0.15 -0.29 -0.21 -0.19 -0.16 -0.25 -0.24 -0.20 -0.38 -0.21 -0.27 -0.20
0.02 0.04 0.06 0.03 0.01 0.05 0.05 0.03 0.04 0.03 0.05 0.03 0.03 0.06 0.05 0.05 0.02 0.09
35136 SWODs -0.26 -0.13 -0.31 -0.22 -0.30 -0.32 -0.48 -0.26 -0.11 -0.45 -0.34 -0.27 -0.42 -0.36 -0.36 -0.51 -0.55 -0.42 -0.60 -0.34
0.06 0.03 0.07 0.08 0.01 0.01 0.02 0.05 0.02 0.05 0.03 0.11 0.05 0.04 0.07 0.06 0.03 0.03 0.01 0.14
36439 SWODs -0.25 -0.10 -0.38 -0.31 -0.42 -0.31 -0.05 -0.30 -0.44 -0.30 -0.31 -0.06 -0.29 -0.43 -0.35 -0.40 -0.27
0.05 0.03 0.19 0.09 0.01 0.02 0.02 0.05 0.06 0.05 0.10 0.02 0.04 0.10 0.07 0.04 0.08
36827 SWDs 0.10 -0.37 -0.32 -0.18 -0.22 -0.25 -0.39 -0.37 -0.22 -0.31 -0.07 -0.20 -0.20 -0.17 -0.23 -0.32 -0.36 -0.06
0.20 0.10 0.10 0.09 0.03 0.07 0.16 0.09 0.07 0.07 0.10 0.06 0.07 0.07 0.09 0.04 0.03 0.17
36906 SWDs 0.00 -0.04 0.17 0.03 -0.02 0.10 -0.09 0.07 0.03 -0.03 0.06 0.01 0.01 0.02 0.08 0.11 -0.04 0.03 0.01 0.03
0.09 0.03 0.06 0.06 0.13 0.02 0.13 0.05 0.02 0.04 0.03 0.06 0.04 0.04 0.09 0.05 0.05 0.02 0.04 0.09
37853 SWODs -0.61 -0.49 -0.59 -0.61 -0.51 -0.79 -0.55 -0.58 -0.42 -0.80 -0.72 -1.11 -0.75 -0.84 -0.67
0.04 0.10 0.01 0.01 0.05 0.05 0.03 0.05 0.08 0.04 0.05 0.07 0.04 0.03 0.04
38784 SWODs 0.05 -0.05 -0.16 -0.09 -0.02 -0.08 -0.03 -0.11 0.04 -0.19 -0.09 -0.04 -0.08 -0.10 -0.15 -0.05 -0.12 -0.16 -0.10 -0.03
0.03 0.13 0.03 0.11 0.09 0.02 0.12 0.05 0.16 0.06 0.05 0.08 0.04 0.04 0.08 0.06 0.06 0.02 0.04 0.15
39903 SWODs -0.30 -0.28 -0.12 -0.30 -0.44 -0.52 -0.12 -0.39 0.04 -0.30 -0.15 -0.49 -0.31 0.10
0.06 0.11 0.03 0.17 0.14 0.08 0.07 0.11 0.02 0.08 0.11 0.08 0.05 0.04
40693 SWDPs -0.01 -0.06 -0.07 0.08 0.05 0.00 -0.04 -0.06 -0.02 -0.02 0.02 0.00 0.03 -0.03 0.01 0.00 -0.01 -0.03 0.10 -0.11
0.05 0.06 0.05 0.04 0.02 0.01 0.08 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.05 0.05 0.04 0.02 0.07 0.03
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
40843 SWODs -0.35 -0.23 -0.25 -0.45 -0.23 -0.28 -0.23 -0.53 -0.32 -0.26 -0.27 -0.34 -0.26 -0.30 -0.34 -0.76 -0.44
0.04 0.04 0.12 0.03 0.02 0.25 0.04 0.11 0.04 0.11 0.02 0.05 0.06 0.10 0.03 0.01 0.08
41484 SWODs -0.10 -0.03 -0.22 0.07 0.13 0.05 0.02 0.06 0.06 -0.01 -0.03 0.06 0.05 0.17 0.11 -0.05 -0.01 -0.20 -0.17
0.07 0.06 0.22 0.03 0.19 0.02 0.08 0.04 0.09 0.03 0.05 0.04 0.04 0.15 0.04 0.05 0.02 0.09 0.06
41926 SWODs 0.39 -0.21 -0.41 -0.30 -0.23 -0.30 -0.33 -0.29 -0.37 -0.23 -0.26 -0.22 -0.32 -0.34 -0.34 -0.33 -0.36 -0.35 -0.31
0.03 0.09 0.07 0.04 0.03 0.02 0.06 0.06 0.05 0.05 0.05 0.06 0.05 0.05 0.05 0.05 0.02 0.07 0.03
42074 SWODs 0.26 0.03 -0.11 0.04 0.23 0.06 0.10 -0.03 -0.04 -0.12 0.04 0.09 0.23 0.08 0.05 0.12 0.01 -0.02 -0.03 0.02
0.22 0.06 0.11 0.07 0.11 0.02 0.03 0.05 0.07 0.05 0.05 0.09 0.08 0.06 0.04 0.07 0.04 0.03 0.04 0.11
42282 SWDPs 0.31 0.13 0.25 0.36 0.34 0.25 0.20 0.13 0.18 0.23 0.24 0.24 0.25 0.17 0.20 0.40 0.22 0.20 0.58 0.26
0.13 0.04 0.03 0.06 0.02 0.02 0.06 0.04 0.06 0.05 0.04 0.05 0.04 0.04 0.05 0.08 0.05 0.02 0.13 0.18
42333 SWDs 0.03 0.02 0.07 0.06 0.19 0.12 0.02 0.11 0.11 0.08 0.10 0.15 0.17 0.18 0.20 0.01 0.06 -0.12 0.14
0.12 0.05 0.04 0.04 0.11 0.02 0.12 0.05 0.03 0.05 0.03 0.13 0.05 0.04 0.06 0.07 0.02 0.02 0.23
42430 SWODs 0.28 0.13 0.53 0.33 0.31 0.32 -0.02 0.15 0.35 0.39 0.27 0.23 0.33 0.33 0.37 0.50 0.38 0.29 0.79 0.30
0.13 0.07 0.07 0.03 0.02 0.01 0.20 0.07 0.07 0.06 0.03 0.09 0.04 0.05 0.07 0.14 0.06 0.02 0.02 0.11
42438 SWDs -0.14 -0.19 -0.22 -0.08 -0.24 -0.07 0.09 -0.06 -0.10 -0.12 0.01 -0.03 0.11 -0.01 0.05 -0.09 -0.09 -0.11 -0.38 -0.13
0.12 0.10 0.14 0.11 0.01 0.03 0.02 0.05 0.03 0.06 0.04 0.05 0.05 0.04 0.09 0.08 0.09 0.03 0.06 0.06
42808 SWODs 0.75 0.08 -0.10 -0.10 0.00 0.03 -0.12 0.00 -0.05 0.07 0.03 0.14 0.03 0.07 0.07 0.02 -0.04 -0.01 -0.03
0.04 0.07 0.07 0.03 0.04 0.03 0.08 0.10 0.07 0.07 0.07 0.07 0.05 0.06 0.06 0.06 0.04 0.03 0.08
43587‡ Low-mass 0.67 0.26 0.56 0.46 0.39 0.43 0.53 0.22 0.51 0.49 0.44 0.38 0.49 0.39 0.39 0.72 0.45 0.45 1.17 0.44
0.21 0.16 0.06 0.03 0.04 0.02 0.05 0.06 0.11 0.06 0.06 0.06 0.05 0.05 0.09 0.09 0.05 0.03 0.02 0.21
43625 SWDs -0.50 -0.32 -0.30 -0.39 -0.39 -0.23 -0.29 -0.49 -0.34 -0.34 -0.58 -0.27 -0.30 -0.37 -0.37 -1.27 -0.37
0.05 0.19 0.06 0.01 0.05 0.02 0.05 0.06 0.05 0.04 0.08 0.05 0.06 0.06 0.04 0.01 0.04
43726 SWDs -0.07 0.06 0.13 0.13 0.25 0.14 0.13 0.07 0.06 0.10 0.11 0.21 0.13 0.16 0.13 0.26 0.10 0.10 0.10 0.12
0.06 0.06 0.02 0.04 0.17 0.02 0.06 0.05 0.07 0.05 0.03 0.12 0.04 0.04 0.07 0.05 0.04 0.02 0.05 0.13
44897 SWODs -0.15 -0.07 0.19 -0.01 -0.01 0.09 -0.01 -0.10 -0.11 -0.03 -0.07 0.02 0.11 -0.05 -0.18
0.09 0.03 0.03 0.07 0.02 0.16 0.04 0.03 0.09 0.06 0.07 0.05 0.18 0.03 0.03
45333 SWODs 0.11 0.10 0.20 -0.05 0.06 0.00 -0.01 -0.08 -0.03 -0.03 -0.01 0.02 0.08 0.03 -0.03
0.09 0.04 0.03 0.02 0.02 0.20 0.04 0.02 0.04 0.07 0.07 0.05 0.12 0.03 0.04
45617 SWODs -0.15 -0.06 -0.20 0.02 -0.09 -0.22 -0.07 -0.36 -0.03 -0.15 0.14 -0.14 -0.19 -0.18 -0.12 -0.11 -0.08
0.11 0.05 0.04 0.07 0.05 0.07 0.13 0.10 0.11 0.10 0.09 0.09 0.15 0.11 0.10 0.06 0.07
46580 SWODs 0.86 0.03 -0.22 -0.24 0.07 0.06 -0.17 0.02 -0.14 -0.02 -0.05 0.13 0.00 -0.08 -0.03 -0.02 -0.04 0.09 0.06
0.04 0.05 0.16 0.03 0.03 0.05 0.08 0.14 0.08 0.06 0.09 0.06 0.06 0.06 0.08 0.06 0.03 0.09 0.17
47007 SWDPs 0.20 0.16 0.29 0.26 0.22 0.24 -0.13 0.22 0.21 0.29 0.20 0.22 0.22 0.24 0.27 0.33 0.18 0.26 0.21 0.18
0.07 0.04 0.02 0.03 0.01 0.01 0.16 0.04 0.03 0.07 0.02 0.05 0.03 0.03 0.06 0.03 0.05 0.02 0.03 0.11
47592 SWODs -0.12 -0.11 0.02 -0.32 -0.06 -0.09 -0.07 0.26 -0.26 0.05 -0.07 -0.20 0.01 -0.13 -0.39
0.08 0.06 0.03 0.02 0.03 0.25 0.04 0.02 0.06 0.09 0.09 0.08 0.18 0.04 0.04
48113 SWODs 0.05 0.06 0.19 0.13 0.34 0.13 -0.01 0.12 1.27 0.03 0.10 -0.03 0.08 0.23 0.10 0.16 0.07 0.09 0.03 -0.07
0.04 0.05 0.04 0.04 0.19 0.01 0.14 0.04 0.02 0.06 0.02 0.10 0.04 0.09 0.05 0.04 0.02 0.02 0.03 0.04
49081 SWODs 0.11 0.01 0.27 0.31 0.28 0.26 0.10 0.19 0.21 0.27 0.23 0.29 0.27 0.21 0.20 0.26 0.22 0.25 0.35 0.29
0.11 0.05 0.05 0.03 0.02 0.02 0.08 0.05 0.05 0.06 0.03 0.14 0.03 0.04 0.05 0.20 0.05 0.02 0.08 0.26
49699 Cool 0.85 0.06 0.11 0.08 0.29 0.13 0.40 -0.06 0.15 -0.02 0.11 -0.01 0.28 0.05 -0.02 0.22 0.14 0.09 0.33 0.26
0.06 0.16 0.10 0.04 0.09 0.03 0.05 0.07 0.14 0.10 0.10 0.08 0.10 0.08 0.09 0.14 0.05 0.05 0.07 0.16
50384 SWDs -0.37 -0.25 -0.39 -0.35 -0.32 -0.35 -0.45 -0.30 -0.47 -0.38 -0.41 -0.47 -0.43 -0.37 -0.53 -0.39 -0.43 -0.64 -0.50
0.08 0.05 0.03 0.06 0.01 0.01 0.09 0.04 0.04 0.03 0.04 0.05 0.04 0.07 0.06 0.04 0.02 0.12 0.06
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
51459 SWDs -0.25 -0.11 -0.15 -0.13 -0.25 -0.11 -0.20 -0.06 -0.28 -0.15 -0.19 -0.18 -0.13 -0.10 -0.21 -0.31 -0.19 -0.59 -0.31
0.03 0.04 0.05 0.07 0.01 0.01 0.15 0.04 0.04 0.03 0.04 0.04 0.04 0.06 0.05 0.02 0.02 0.01 0.05
52462 SWDs 0.17 -0.02 -0.11 -0.13 -0.03 0.00 -0.10 -0.10 -0.13 -0.04 -0.10 0.10 -0.03 -0.08 0.01 -0.06 -0.13 -0.06 0.11
0.03 0.06 0.07 0.06 0.02 0.02 0.05 0.09 0.07 0.06 0.06 0.05 0.05 0.05 0.06 0.04 0.03 0.08 0.18
53252 SWODs -0.28 -0.06 -0.01 -0.22 0.01 -0.05 0.07 0.02 -0.05 0.01 0.04 -0.06 -0.34 -0.07 -0.57
0.20 0.11 0.02 0.18 0.08 0.06 0.04 0.05 0.14 0.07 0.08 0.04 0.02 0.03 0.04
53721 Cool 0.07 0.02 0.04 0.06 0.03 0.02 0.07 0.01 0.00 -0.02 -0.03 -0.02 -0.04 -0.01 -0.02 0.02 -0.06 0.00 -0.11 -0.02
0.10 0.04 0.03 0.05 0.03 0.01 0.16 0.05 0.05 0.05 0.03 0.04 0.03 0.03 0.07 0.04 0.05 0.02 0.04 0.06
54745 SWODs -0.09 -0.06 0.01 0.02 -0.06 0.06 -0.09 0.05 0.06 -0.04 0.00 0.01 0.16 0.13 0.02 0.21 -0.03 0.00 -0.09 0.01
0.08 0.04 0.05 0.04 0.01 0.02 0.11 0.05 0.02 0.05 0.05 0.05 0.05 0.04 0.07 0.07 0.04 0.02 0.08 0.16
54906 Low-mass -0.21 -0.42 -0.18 -0.17 -0.25 -0.33 -0.28 -0.28 -0.20 -0.23 -0.09 -0.26 -0.32 -0.23 -0.23 -0.32 -0.26 -0.26
0.07 0.13 0.07 0.05 0.02 0.06 0.06 0.06 0.06 0.06 0.07 0.05 0.08 0.06 0.03 0.03 0.03 0.05
55848 Cool 0.29 0.45 0.40 0.47 0.38 0.26 0.38 0.63 0.52 0.44 0.53 0.47 0.43 0.41
0.20 0.02 0.03 0.02 0.03 0.11 0.06 0.03 0.07 0.05 0.04 0.06 0.07 0.02
56452 SWODs 0.26 -0.18 -0.36 -0.33 -0.26 -0.29 -0.37 -0.33 -0.37 -0.28 -0.26 -0.31 -0.36 -0.33 -0.44 -0.31 -0.38 -0.32 -0.16
0.17 0.06 0.04 0.04 0.03 0.02 0.06 0.08 0.05 0.06 0.05 0.05 0.05 0.05 0.06 0.03 0.03 0.03 0.22
56830 SWDs -0.21 -0.68 -0.44 -0.49 -0.56 -0.53 -0.75 -0.73 -0.58 -0.55 -0.79 -0.83 -0.75 -1.10 -0.75 -0.84 -0.91 -0.67
0.09 0.06 0.08 0.03 0.02 0.06 0.07 0.06 0.07 0.06 0.07 0.05 0.06 0.06 0.06 0.04 0.04 0.10
56997 SWODs 0.10 -0.03 -0.13 -0.03 -0.07 -0.05 0.02 -0.05 -0.09 -0.08 -0.03 -0.06 -0.01 -0.02 0.00 -0.06 -0.11 -0.10 -0.12 -0.15
0.10 0.06 0.03 0.04 0.02 0.02 0.12 0.05 0.04 0.06 0.05 0.05 0.04 0.04 0.05 0.05 0.05 0.02 0.02 0.03
57443 Low-mass -0.11 -0.12 -0.33 -0.16 -0.15 -0.25 -0.33 -0.24 -0.29 -0.32 -0.20 -0.22 -0.28 -0.32 -0.12 -0.41 -0.31 -0.33 -0.39 -0.26
0.08 0.04 0.03 0.05 0.04 0.02 0.03 0.05 0.03 0.05 0.04 0.05 0.05 0.04 0.19 0.06 0.05 0.02 0.10 0.06
57507 SWODs -0.28 -0.16 -0.16 -0.26 -0.07 -0.25 -0.30 -0.32 -0.25 -0.26 -0.28 -0.27 -0.22 -0.36 -0.32 -0.32 -0.39
0.03 0.08 0.04 0.02 0.19 0.05 0.06 0.04 0.05 0.04 0.04 0.04 0.05 0.05 0.04 0.02 0.06
58451 SWDPs 0.61 -0.03 0.08 -0.02 0.14 0.08 0.33 -0.09 0.24 0.06 0.17 0.14 0.28 0.11 0.07 0.19 0.14 0.07 0.49 0.07
0.06 0.14 0.07 0.04 0.05 0.03 0.05 0.08 0.16 0.07 0.10 0.11 0.09 0.07 0.07 0.09 0.06 0.04 0.15 0.09
58576 SWDs 0.17 0.17 0.52 0.42 0.36 0.29 0.19 0.20 0.31 0.33 0.30 0.29 0.35 0.30 0.32 0.55 0.36 0.34 0.52
0.13 0.06 0.08 0.03 0.03 0.02 0.06 0.05 0.06 0.05 0.05 0.05 0.04 0.04 0.05 0.06 0.05 0.02 0.30
60025 SWDs -0.42 -0.16 -0.22 -0.39 -0.16 -0.36 -0.09 -0.32 -0.09 -0.28 -0.03 -0.12 -0.15 -0.27 -0.48 -0.18 -0.96 -0.32
0.15 0.05 0.04 0.01 0.02 0.14 0.05 0.04 0.04 0.04 0.08 0.04 0.07 0.10 0.07 0.03 0.18 0.06
60074 SWDs -0.06 -0.03 -0.16 -0.11 -0.13 -0.11 -0.21 -0.04 -0.14 -0.18 -0.09 -0.11 -0.06 -0.06 0.10 -0.16 -0.20 -0.16 -0.40 -0.25
0.17 0.04 0.04 0.06 0.02 0.01 0.20 0.05 0.02 0.05 0.03 0.04 0.03 0.03 0.16 0.04 0.04 0.02 0.06 0.09
60081 Cool 0.25 0.18 0.38 0.35 0.34 0.29 0.20 0.21 0.24 0.29 0.24 0.25 0.28 0.26 0.27 0.43 0.27 0.30 0.48 0.24
0.13 0.05 0.02 0.04 0.02 0.01 0.06 0.05 0.03 0.05 0.03 0.05 0.03 0.03 0.05 0.05 0.05 0.02 0.20 0.08
61028 SWDPs 0.16 0.11 -0.02 0.42 0.27 0.23 0.22 0.19 0.29 0.25 0.24 0.18 0.32 0.28 0.34 0.39 0.39 0.26 0.47 0.18
0.06 0.06 0.11 0.06 0.03 0.02 0.09 0.05 0.04 0.09 0.05 0.06 0.07 0.04 0.05 0.06 0.14 0.03 0.14 0.15
61100 SWODs 1.14 0.07 -0.14 -0.21 -0.14 -0.16 -0.28 0.07 -0.44 -0.08 -0.36 0.26 -0.10 -0.22 -0.23 -0.07 -0.20 -0.42 0.03
0.04 0.11 0.10 0.06 0.03 0.05 0.11 0.07 0.07 0.08 0.07 0.13 0.09 0.05 0.12 0.08 0.04 0.03 0.27
62145 SWODs 0.65 0.02 0.09 0.12 0.30 0.13 0.05 0.15 -0.15 0.13 0.01 0.28 0.13 0.07 0.31 0.09 0.09 0.35 0.22
0.05 0.09 0.19 0.04 0.13 0.04 0.06 0.14 0.06 0.08 0.08 0.08 0.07 0.08 0.07 0.08 0.04 0.07 0.15
62207 SWDs -0.53 -0.26 -0.58 -0.44 -0.54 -0.49 -0.48 -0.64 -0.53 -0.55 -0.49 -0.62 -0.55 -0.77 -0.68 -0.63 -0.83 -0.66
0.02 0.04 0.05 0.10 0.01 0.01 0.04 0.05 0.03 0.04 0.10 0.04 0.06 0.05 0.04 0.02 0.03 0.04
62523 SWODs 0.11 -0.01 0.02 0.13 0.28 0.08 0.04 0.08 0.04 0.04 0.13 0.11 0.16 0.17 0.09 0.18 0.03 0.04 -0.08 0.11
0.18 0.07 0.03 0.06 0.24 0.02 0.08 0.05 0.03 0.09 0.04 0.12 0.05 0.05 0.07 0.08 0.05 0.02 0.06 0.20
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
63033 SWODs 0.19 0.41 0.40 0.49 0.36 0.22 0.28 0.26 0.27 0.25 0.29 0.29 0.31 0.39 0.39 0.32 0.33 0.31
0.02 0.02 0.04 0.15 0.01 0.08 0.05 0.04 0.04 0.02 0.04 0.03 0.03 0.13 0.04 0.04 0.02 0.12
63742 SWODs 0.83 -0.13 -0.24 -0.23 0.07 -0.09 -0.15 -0.13 -0.28 -0.08 -0.21 0.15 -0.01 -0.17 -0.06 -0.11 -0.18 -0.19 0.08
0.03 0.19 0.04 0.05 0.10 0.02 0.05 0.13 0.07 0.06 0.06 0.08 0.06 0.05 0.11 0.08 0.03 0.07 0.21
64394 SWODs -0.04 -0.07 -0.02 0.04 -0.03 0.04 -0.04 0.07 0.05 -0.10 0.02 -0.03 0.07 0.05 0.09 0.06 -0.06 0.00 -0.26 -0.06
0.04 0.03 0.04 0.07 0.02 0.01 0.13 0.04 0.02 0.05 0.02 0.04 0.06 0.03 0.07 0.06 0.05 0.02 0.06 0.10
64408 SWODs 0.13 0.09 0.23 0.18 0.15 0.15 0.15 0.05 0.00 0.06 0.03 0.04 0.07 0.04 0.20 0.33 0.07 0.11 0.33 0.15
0.14 0.08 0.03 0.04 0.02 0.02 0.09 0.05 0.05 0.05 0.04 0.05 0.04 0.04 0.13 0.06 0.05 0.02 0.07 0.16
64792 Cool -0.12 -0.01 0.24 0.07 0.25 0.18 0.11 0.15 0.50 0.06 0.18 0.26 0.20 0.20 0.12 0.20 0.12 0.15 -0.23 -0.04
0.06 0.04 0.13 0.18 0.01 0.03 0.16 0.05 0.02 0.05 0.04 0.16 0.06 0.06 0.08 0.06 0.05 0.03 0.06 0.07
64797 SWODs 0.21 -0.06 -0.23 -0.21 -0.14 -0.11 -0.18 -0.15 -0.25 -0.07 -0.14 -0.03 -0.11 -0.08 -0.14 -0.16 -0.19 -0.13 -0.20
0.05 0.08 0.04 0.04 0.04 0.03 0.07 0.10 0.06 0.08 0.07 0.08 0.06 0.08 0.06 0.04 0.04 0.07 0.06
64924 SWDPs -0.08 -0.03 -0.08 0.06 0.06 -0.01 -0.08 -0.04 -0.07 -0.03 0.00 -0.01 -0.01 -0.02 -0.03 0.06 -0.04 -0.04 -0.03 0.07
0.09 0.06 0.03 0.03 0.02 0.02 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.04 0.07 0.05 0.05 0.02 0.06 0.21
65515 SWODs -0.03 0.08 0.15 0.05 0.23 0.12 0.15 0.09 0.06 -0.06 0.09 0.01 0.28 0.10 0.07 0.18 0.03 0.00 0.18 0.09
0.03 0.06 0.02 0.07 0.16 0.02 0.04 0.06 0.12 0.08 0.05 0.08 0.06 0.06 0.05 0.06 0.05 0.03 0.05 0.11
65530 SWODs 0.24 0.14 0.20 0.17 0.35 0.18 0.09 0.06 0.06 0.11 0.14 0.18 0.19 0.11 0.20 0.27 0.12 0.14 0.44 0.04
0.13 0.22 0.06 0.07 0.13 0.02 0.06 0.05 0.06 0.08 0.05 0.10 0.04 0.05 0.08 0.08 0.04 0.02 0.06 0.08
65721 SWDPs -0.08 -0.05 -0.14 0.04 0.03 -0.07 -0.15 -0.07 -0.13 -0.11 -0.09 -0.05 -0.12 -0.11 -0.05 -0.15 -0.12 -0.14 -0.18 -0.17
0.06 0.08 0.03 0.03 0.02 0.02 0.05 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.06 0.05 0.05 0.03 0.03 0.09
66704 SWDs -0.19 -0.24 -0.25 -0.35 -0.54 -0.30 -0.25 -0.29 -0.42 -0.19 -0.25 0.02 -0.22 -0.22 -0.25 -0.21 -0.63
0.05 0.05 0.15 0.20 0.01 0.10 0.02 0.06 0.12 0.04 0.06 0.08 0.07 0.05 0.08 0.04 0.04
66781 SWDs 0.67 -0.05 -0.01 0.12 -0.04 0.26 -0.09 -0.11 -0.18 -0.01 0.00 0.08 -0.12 -0.14 0.04 -0.05 -0.09 0.07 0.10
0.03 0.05 0.05 0.08 0.02 0.03 0.05 0.07 0.09 0.06 0.15 0.07 0.06 0.10 0.07 0.02 0.03 0.02 0.18
67275 Hot 0.19 0.34 -0.02 0.26 0.20 0.21 0.37 0.24 0.11 0.37 0.32 0.04 0.36 0.22 -0.19 0.53
0.12 0.10 0.13 0.03 0.20 0.08 0.07 0.09 0.08 0.13 0.09 0.13 0.06 0.03 0.01 0.04
67422 SWODs 1.29 0.29 -0.01 -0.19 0.03 0.07 -0.30 0.24 -0.01 0.07 0.07 0.25 0.02 0.08 0.09 0.03 0.02 0.22
0.06 0.19 0.10 0.04 0.05 0.05 0.15 0.17 0.19 0.10 0.12 0.09 0.07 0.10 0.09 0.05 0.05 0.06
67620 SWODs -0.11 -0.12 0.02 -0.03 0.00 -0.07 0.00 -0.08 -0.06 0.00 -0.04 -0.03 0.06 0.05 0.15 -0.01 -0.02 -0.02
0.08 0.03 0.04 0.13 0.02 0.09 0.05 0.04 0.05 0.04 0.05 0.03 0.04 0.08 0.07 0.07 0.02 0.18
68184 SWODs 0.97 0.34 0.29 0.14 0.42 0.31 0.88 0.11 0.62 0.28 0.36 0.30 0.52 0.23 0.27 0.41 0.33 0.26 1.10 0.59
0.07 0.22 0.10 0.04 0.07 0.05 0.06 0.09 0.22 0.09 0.12 0.11 0.10 0.08 0.10 0.11 0.06 0.05 0.17 0.29
68593 SWDs -0.08 0.04 -0.04 -0.04 -0.13 -0.03 -0.23 0.03 0.23 -0.09 -0.05 -0.03 -0.07 0.00 0.01 -0.09 -0.06 -0.07 -0.34 -0.13
0.04 0.04 0.06 0.06 0.06 0.01 0.12 0.04 0.03 0.05 0.05 0.04 0.05 0.04 0.08 0.06 0.12 0.02 0.17 0.03
68682 SWODs 0.27 -0.09 0.01 0.09 -0.12 0.03 0.37 0.01 0.26 0.02 0.08 0.08 0.13 0.05 0.05 0.12 0.04 0.03 0.09 0.20
0.12 0.06 0.04 0.05 0.16 0.02 0.03 0.06 0.17 0.05 0.05 0.13 0.05 0.06 0.08 0.08 0.09 0.02 0.11 0.18
69090 SWODs -0.58 -0.11 -0.18 -0.17 -0.17 -0.37 -0.13 -0.16 -0.25 -0.23 -0.22 -0.29 -0.19 -0.13 -0.25 -0.31 -0.22 -0.25
0.02 0.07 0.03 0.04 0.01 0.11 0.04 0.02 0.05 0.03 0.04 0.05 0.03 0.05 0.04 0.04 0.02 0.12
69965 SWODs -0.32 -0.40 -0.59 -0.58 -0.59 -0.76 -0.63 -0.71 -0.83 -0.72 -0.68 -0.81 -0.32 -0.69 -0.72
0.08 0.06 0.09 0.02 0.04 0.06 0.03 0.04 0.08 0.04 0.05 0.07 0.02 0.04 0.08
70319 SWODs 0.10 -0.21 -0.27 -0.17 -0.29 -0.26 -0.14 -0.26 0.19 0.01 -0.25 -0.10 -0.27 -0.15 -0.06 -0.10 -0.22 -0.37 -0.22
0.17 0.11 0.10 0.04 0.03 0.04 0.03 0.05 0.03 0.28 0.04 0.10 0.07 0.09 0.06 0.14 0.08 0.04 0.06
70857 SWODs 0.24 -0.08 -0.03 -0.02 0.06 -0.06 0.01 -0.09 -0.06 -0.14 -0.04 -0.01 -0.02 -0.02 -0.03 0.10 -0.09 -0.08 -0.05 0.06
0.13 0.10 0.04 0.03 0.08 0.02 0.04 0.05 0.08 0.07 0.05 0.09 0.04 0.05 0.10 0.08 0.05 0.02 0.07 0.19
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
71181 SWDs 0.94 -0.34 0.06 -0.24 0.17 0.02 -0.11 0.05 -0.18 0.08 -0.10 0.28 0.02 -0.17 -0.15 0.06 -0.05 0.07 0.18
0.05 0.06 0.12 0.03 0.07 0.04 0.09 0.14 0.07 0.07 0.09 0.08 0.08 0.12 0.27 0.03 0.04 0.07 0.17
71395 SWDPs 0.68 0.08 0.14 -0.10 0.19 0.11 -0.05 0.09 -0.12 0.03 0.02 0.29 0.07 -0.01 0.24 0.06 0.01 0.09 0.28
0.06 0.11 0.05 0.04 0.05 0.04 0.08 0.12 0.09 0.09 0.08 0.10 0.07 0.06 0.07 0.05 0.05 0.19 0.27
71681 Low-mass 0.29 0.32 0.37 0.30 0.38 0.27 0.29 0.10 0.34 0.23 0.29 0.26 0.37 0.26 0.28 0.49 0.30 0.26 0.24
0.04 0.19 0.06 0.03 0.02 0.02 0.11 0.06 0.11 0.05 0.06 0.07 0.05 0.05 0.04 0.10 0.04 0.03 0.09
71683 SWODs 0.25 0.13 0.27 0.31 0.25 0.28 0.20 0.18 0.20 0.22 0.22 0.22 0.23 0.20 0.41 0.34 0.22 0.25 0.49 0.24
0.07 0.04 0.06 0.03 0.02 0.02 0.05 0.04 0.05 0.05 0.03 0.05 0.04 0.03 0.21 0.05 0.04 0.02 0.05 0.07
71743 SWODs 0.00 -0.16 -0.01 0.04 0.14 0.01 -0.06 0.20 0.14 0.16 0.24 0.20 0.17 0.03 0.03 -0.05 1.14
0.15 0.13 0.04 0.03 0.03 0.02 0.03 0.10 0.03 0.07 0.06 0.04 0.05 0.04 0.02 0.12 0.04
72339 SWDPs 0.16 -0.01 0.02 0.13 0.04 0.03 0.02 -0.01 0.00 0.00 0.05 0.01 0.08 0.05 0.09 0.13 0.04 0.01 0.15 -0.04
0.03 0.12 0.02 0.07 0.02 0.02 0.03 0.05 0.05 0.05 0.05 0.05 0.04 0.04 0.06 0.05 0.05 0.02 0.06 0.06
72567 SWODs -0.17 0.04 -0.09 -0.13 -0.13 -0.07 -0.18 -0.05 -0.09 -0.24 -0.11 -0.18 -0.12 -0.04 0.03 -0.07 -0.27 -0.14 -0.33 -0.32
0.06 0.10 0.05 0.06 0.01 0.02 0.15 0.04 0.02 0.04 0.03 0.05 0.04 0.04 0.09 0.05 0.12 0.02 0.01 0.04
72848 SWDs 0.73 0.02 0.00 0.00 0.07 0.10 0.19 0.00 0.02 0.13 0.09 0.10 0.14 0.11 0.16 0.18 0.16 0.07 0.29 0.00
0.30 0.14 0.06 0.03 0.04 0.02 0.03 0.05 0.06 0.10 0.05 0.06 0.05 0.04 0.05 0.05 0.05 0.02 0.03 0.07
73100 SWDs -0.08 -0.01 0.07 0.02 0.07 -0.09 0.10 -0.02 0.02 0.01 0.12 0.02 -0.05 0.03 -0.01 0.00 -0.33 -0.15
0.07 0.03 0.13 0.14 0.01 0.19 0.05 0.09 0.04 0.06 0.11 0.07 0.06 0.05 0.04 0.03 0.03 0.04
73869 SWDs -0.10 -0.20 -0.21 -0.21 -0.32 -0.25 0.02 -0.36 -0.21 -0.22 -0.15 -0.19 -0.05 -0.21 -0.11 -0.26 -0.49 -0.34
0.04 0.06 0.07 0.04 0.03 0.08 0.03 0.12 0.05 0.06 0.05 0.05 0.08 0.07 0.10 0.05 0.02 0.12
74702 SWDs -0.03 -0.26 -0.10 -0.09 -0.10 -0.13 -0.16 -0.20 -0.09 -0.09 -0.04 -0.06 -0.03 -0.07 -0.11 -0.15 -0.18 0.03
0.11 0.07 0.04 0.02 0.01 0.05 0.04 0.05 0.05 0.05 0.04 0.04 0.05 0.05 0.05 0.02 0.03 0.26
74975 SWDs -0.10 -0.05 -0.02 -0.02 -0.03 0.00 -0.06 0.03 0.13 -0.12 -0.06 -0.07 -0.06 -0.04 -0.04 -0.08 -0.11 -0.06 -0.20 -0.11
0.05 0.03 0.02 0.07 0.02 0.01 0.15 0.05 0.02 0.05 0.03 0.04 0.04 0.04 0.07 0.05 0.03 0.02 0.12 0.11
75458 SWDPs† 0.25 0.40 0.34 0.38 0.35 0.54 0.16 0.39 0.26 0.26 0.15 0.43 0.19 0.18 0.78 0.33 0.25 0.92
0.30 0.06 0.04 0.04 0.05 0.29 0.07 0.30 0.07 0.09 0.13 0.08 0.06 0.08 0.13 0.07 0.04 0.29
76375 SWDs 0.48 0.24 0.46 0.35 0.47 0.37 0.49 0.15 0.56 0.32 0.40 0.39 0.51 0.36 0.31 0.68 0.39 0.39 0.24
0.05 0.12 0.05 0.03 0.04 0.03 0.09 0.09 0.18 0.08 0.08 0.11 0.07 0.06 0.09 0.11 0.05 0.04 0.17
76635 SWDs -0.03 0.01 0.14 0.06 0.03 0.09 -0.06 0.06 0.06 0.06 0.02 0.00 0.11 0.04 0.05 0.11 -0.10 0.05 -0.01
0.06 0.04 0.04 0.07 0.01 0.01 0.04 0.05 0.02 0.10 0.03 0.04 0.05 0.03 0.05 0.04 0.03 0.02 0.05
77052 SWODs -0.04 0.00 0.00 0.09 0.27 0.09 0.12 0.07 0.00 0.07 0.12 0.16 0.11 0.13 0.01 0.16 0.01 0.06 -0.20 -0.18
0.11 0.09 0.04 0.04 0.19 0.02 0.02 0.05 0.05 0.05 0.04 0.10 0.03 0.04 0.10 0.06 0.05 0.02 0.09 0.05
77372 SWODs -0.33 0.29 0.01 0.01 0.06 -0.01 0.14 -0.05 0.11 0.00 0.37 0.10 0.10 0.04 0.23 0.05 0.06
0.02 0.10 0.07 0.01 0.03 0.27 0.07 0.06 0.04 0.05 0.08 0.04 0.11 0.04 0.05 0.03 0.17
77408 SWODs 0.35 0.03 -0.18 -0.11 0.10 -0.05 0.22 -0.06 -0.12 -0.01 -0.04 -0.04 0.06 0.00 -0.01 -0.18 -0.10 -0.12 0.14 -0.02
0.21 0.06 0.04 0.04 0.14 0.02 0.08 0.06 0.07 0.11 0.05 0.08 0.06 0.06 0.06 0.13 0.04 0.03 0.21 0.11
77760 SWODs -0.19 -0.49 -0.45 -0.30 -0.46 -0.45 -0.44 0.39 -0.69 -0.51 -0.46 -0.38 -0.45 -0.63 -0.71 -0.69 -0.64 -0.92 -0.47
0.06 0.06 0.10 0.02 0.03 0.12 0.07 0.03 0.07 0.06 0.14 0.11 0.12 0.06 0.13 0.02 0.03 0.25 0.11
77801 SWODs -0.13 -0.45 -0.31 -0.39 -0.37 -0.24 -0.37 -0.50 -0.39 -0.39 -0.43 -0.44 -0.29 -0.60 -0.51 -0.49 -0.41
0.03 0.04 0.10 0.02 0.01 0.14 0.05 0.05 0.03 0.04 0.04 0.04 0.13 0.05 0.13 0.02 0.07
78072 SWODs -0.22 -0.22 -0.15 -0.23 -0.19 -0.34 -0.29 -0.47 -0.22 -0.37 -0.15 -0.28 -0.41 -0.23 -0.30 -0.53 -0.39
0.04 0.03 0.13 0.12 0.02 0.13 0.06 0.16 0.04 0.07 0.02 0.04 0.10 0.08 0.03 0.01 0.04
78459 SWODs -0.08 -0.01 -0.23 -0.13 0.01 -0.19 -0.12 -0.15 -0.31 -0.20 -0.14 -0.27 -0.30 -0.32 -0.37 -0.29 -0.32 -0.39 -0.32
0.16 0.09 0.05 0.10 0.04 0.01 0.24 0.05 0.05 0.04 0.12 0.05 0.04 0.09 0.05 0.12 0.02 0.08 0.05
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
78775 SWODs -0.65 -0.36 -0.32 -0.49 -0.44 -0.41 -0.69 -0.35 -0.48 -0.46 -0.55 -0.69 -0.63 -0.67 -0.67 -1.21 -0.49
0.06 0.11 0.05 0.02 0.07 0.04 0.06 0.06 0.05 0.05 0.06 0.04 0.19 0.06 0.03 0.02 0.03
79248 Cool 0.31 0.65 0.42 0.55 0.58 0.53 0.29 0.57 0.56 0.50 0.68 0.75 0.43 0.55 0.73 0.62 0.54 0.43
0.05 0.11 0.03 0.10 0.03 0.09 0.06 0.13 0.07 0.05 0.22 0.10 0.06 0.05 0.26 0.04 0.03 0.03
79492 SWDs 0.09 0.11 -0.06 0.11 0.14 0.07 0.12 0.07 0.19 0.10 0.20 0.19 0.16 0.13 0.19 0.15 0.12 0.08 -0.01 0.26
0.08 0.25 0.09 0.11 0.08 0.03 0.03 0.05 0.05 0.05 0.05 0.12 0.04 0.04 0.09 0.05 0.05 0.03 0.13 0.22
79672 SWODs 0.00 0.05 0.02 0.21 0.04 0.03 0.00 0.04 0.01 0.00 0.05 0.06 0.17 0.05 0.26 0.05 0.03 0.04 0.11 -0.03
0.08 0.09 0.02 0.19 0.02 0.01 0.13 0.04 0.04 0.04 0.03 0.04 0.14 0.03 0.17 0.04 0.05 0.02 0.19 0.09
80337 Cool 0.09 0.04 -0.12 -0.02 0.02 0.00 -0.11 0.11 0.00 -0.05 0.05 0.05 0.06 0.08 0.03 -0.04 -0.09 -0.02 -0.38 -0.18
0.29 0.09 0.03 0.04 0.01 0.02 0.13 0.05 0.02 0.05 0.03 0.05 0.06 0.04 0.05 0.04 0.03 0.02 0.05 0.15
80725 SWODs 0.01 -0.49 -0.34 -0.31 -0.27 -0.39 -0.24 -0.30 -0.25 -0.30 -0.20 -0.34 -0.25 -0.38 -0.24 -0.39 -0.71 -0.19
0.05 0.08 0.08 0.06 0.03 0.06 0.08 0.10 0.09 0.07 0.08 0.06 0.06 0.09 0.03 0.04 0.10 0.05
80838 Hot 0.08 0.54 0.27 0.45 0.40 0.01 0.37 0.78 0.76 0.52 0.53 0.58 0.48 0.82 0.70 0.58 0.48 0.58
0.10 0.02 0.04 0.14 0.02 0.23 0.06 0.22 0.06 0.04 0.06 0.06 0.05 0.14 0.07 0.02 0.03 0.22
80902 SWDPs -0.22 -0.06 -0.15 -0.04 -0.20 -0.13 -0.10 -0.06 -0.23 -0.23 -0.14 -0.13 -0.17 -0.06 -0.07 -0.17 -0.30 -0.17 -0.45 -0.24
0.02 0.04 0.03 0.06 0.02 0.01 0.19 0.05 0.02 0.05 0.03 0.04 0.04 0.03 0.06 0.04 0.05 0.02 0.05 0.07
81300 SWODs 0.09 0.03 0.10 0.08 0.07 0.01 0.03 0.00 0.11 0.05 0.12 0.08 0.08 0.21 0.04 0.04 0.31 0.12
0.14 0.04 0.04 0.04 0.02 0.06 0.06 0.05 0.05 0.06 0.04 0.04 0.06 0.06 0.05 0.02 0.13 0.17
81800 SWDs -0.18 -0.06 -0.06 -0.02 -0.12 -0.03 -0.06 -0.01 -0.09 -0.15 -0.08 -0.11 -0.09 -0.06 -0.01 -0.07 -0.27 -0.09 -0.36 -0.16
0.06 0.03 0.03 0.04 0.02 0.01 0.14 0.05 0.02 0.04 0.03 0.04 0.04 0.03 0.06 0.05 0.03 0.02 0.10 0.09
82588 SWODs 0.16 -0.04 -0.15 -0.05 0.09 0.00 0.25 -0.05 -0.10 -0.10 -0.01 -0.05 0.07 -0.02 0.01 0.00 -0.01 -0.09 -0.09
0.09 0.05 0.04 0.07 0.13 0.02 0.05 0.06 0.04 0.09 0.05 0.08 0.05 0.06 0.05 0.06 0.08 0.03 0.17
82860 SWODs -0.25 -0.09 -0.17 -0.06 -0.11 -0.05 -0.24 -0.07 -0.16 0.15 -0.08 -0.04 -0.14 -0.15 -0.18
0.09 0.11 0.10 0.01 0.20 0.05 0.05 0.06 0.05 0.23 0.04 0.06 0.06 0.03 0.04
83389 Cool 0.11 -0.23 -0.01 -0.10 -0.11 -0.07 -0.12 -0.13 -0.14 -0.06 -0.12 -0.09 -0.09 -0.13 0.00 -0.11 -0.14 -0.01
0.03 0.11 0.06 0.02 0.02 0.03 0.05 0.03 0.06 0.05 0.05 0.04 0.04 0.05 0.05 0.05 0.02 0.07
84862 SWODs -0.12 -0.30 -0.07 -0.10 -0.18 -0.07 -0.19 -0.31 -0.25 -0.12 -0.13 -0.28 -0.38 -0.28 -0.61 -0.27 -0.37 -0.20
0.07 0.02 0.10 0.02 0.02 0.12 0.05 0.03 0.05 0.04 0.04 0.04 0.04 0.07 0.07 0.05 0.02 0.13
85235 SWDs -0.07 -0.29 -0.45 -0.29 -0.30 -0.38 -0.38 -0.41 -0.51 -0.33 -0.37 -0.37 -0.41 -0.41 -0.50 -0.37 -0.46 -0.49 -0.40
0.03 0.09 0.03 0.08 0.03 0.02 0.05 0.04 0.05 0.06 0.05 0.05 0.04 0.05 0.05 0.04 0.02 0.02 0.05
86036 SWODs -0.07 -0.03 -0.04 0.03 0.03 0.00 -0.06 0.13 0.00 -0.11 0.03 -0.04 0.04 0.03 0.13 -0.02 0.05 -0.05 -0.37 -0.09
0.04 0.03 0.03 0.09 0.01 0.01 0.11 0.05 0.02 0.05 0.03 0.05 0.04 0.03 0.12 0.04 0.12 0.02 0.04 0.12
86796⋆ Low-mass 0.16 0.16 0.38 0.29 0.32 0.30 0.26 0.18 0.19 0.27 0.24 0.25 0.27 0.22 0.46 0.55 0.27 0.27 0.53 0.34
0.09 0.06 0.04 0.07 0.02 0.01 0.08 0.05 0.05 0.05 0.03 0.05 0.03 0.03 0.21 0.08 0.05 0.02 0.14 0.20
88601 SWODs 0.22 0.04 -0.02 0.14 0.08 0.10 0.19 0.02 0.03 0.00 0.09 -0.01 0.11 0.05 0.10 0.18 0.05 0.04 0.28 0.19
0.04 0.09 0.06 0.03 0.04 0.01 0.07 0.05 0.07 0.06 0.05 0.05 0.04 0.04 0.05 0.05 0.04 0.02 0.04 0.15
88745 SWDs -0.44 -0.50 -0.48 -0.40 -0.51 -0.39 -0.45 -0.67 -0.53 -0.53 -0.47 -0.62 -0.56 -0.76 -0.62 -0.70
0.08 0.06 0.09 0.01 0.01 0.02 0.04 0.05 0.03 0.04 0.03 0.04 0.07 0.07 0.02 0.04
88972 SWODs 0.22 0.00 -0.30 -0.03 0.06 -0.07 -0.18 0.01 -0.17 0.07 -0.06 0.04 -0.14 -0.11 -0.14 -0.14 -0.16 0.13 0.00
0.05 0.09 0.19 0.04 0.05 0.02 0.07 0.12 0.07 0.09 0.07 0.08 0.06 0.07 0.07 0.08 0.04 0.07 0.07
89042 SWODs -0.34 -0.05 -0.07 -0.07 -0.06 -0.07 -0.08 -0.10 -0.12 -0.16 -0.12 -0.13 -0.17 -0.14 -0.08 -0.13 -0.18 -0.16 -0.35 -0.16
0.15 0.05 0.04 0.05 0.01 0.01 0.13 0.04 0.02 0.04 0.02 0.04 0.03 0.03 0.07 0.05 0.05 0.02 0.09 0.11
90485 Cool -0.01 0.17 0.03 0.03 0.10 0.02 0.08 0.03 -0.04 -0.01 -0.01 0.03 0.00 0.08 0.02 -0.21 0.02 -0.19 -0.05
0.07 0.07 0.08 0.01 0.01 0.20 0.05 0.02 0.05 0.03 0.04 0.05 0.04 0.06 0.05 0.02 0.02 0.01 0.08
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
91438 SWODs -0.10 -0.21 -0.29 -0.13 -0.20 -0.22 -0.03 -0.21 -0.23 -0.22 -0.19 -0.25 -0.26 -0.27 -0.18 -0.29 -0.29 -0.30 -0.28 -0.37
0.03 0.09 0.03 0.08 0.02 0.02 0.13 0.04 0.07 0.10 0.05 0.05 0.04 0.04 0.09 0.06 0.06 0.02 0.04 0.11
92043 SWDs -0.19 -0.29 -0.10 -0.33 -0.17 -0.52 -0.21 -0.26 -0.39 -0.53 -0.24 -0.39 -0.31 -0.22 -0.38
0.13 0.03 0.22 0.19 0.04 0.02 0.11 0.05 0.09 0.13 0.08 0.13 0.09 0.05 0.04
93017 Cool -0.02 -0.08 -0.13 0.10 -0.10 0.01 -0.01 0.29 -0.09 0.22 0.27 0.03 -0.07 -0.15 -0.09
0.07 0.08 0.03 0.02 0.03 0.21 0.07 0.02 0.06 0.06 0.09 0.11 0.11 0.03 0.04
93858 SWODs -0.03 0.11 0.15 0.12 0.11 0.07 0.05 0.00 0.02 0.06 0.07 0.11 0.11 0.12 0.19 0.02 0.09 0.20
0.03 0.04 0.04 0.03 0.02 0.10 0.05 0.03 0.05 0.04 0.04 0.08 0.04 0.06 0.05 0.04 0.02 0.28
94050 SWDs 0.40 0.10 -0.05 -0.18 0.10 0.03 0.08 -0.09 0.01 0.02 -0.10 -0.12 0.17 -0.04 0.14 0.09 0.00 -0.12 -0.26 0.23
0.17 0.05 0.14 0.09 0.04 0.02 0.03 0.06 0.13 0.12 0.06 0.06 0.08 0.06 0.17 0.06 0.07 0.03 0.27 0.03
94346 SWODs 0.27 0.10 0.06 0.06 0.14 0.13 0.13 0.09 -0.05 0.12 0.09 0.26 0.19 0.10 0.35 0.14 0.07 0.18 0.00
0.03 0.10 0.09 0.03 0.02 0.02 0.06 0.10 0.05 0.05 0.10 0.05 0.06 0.05 0.05 0.02 0.02 0.05 0.08
94858 SWDs -0.34 -0.17 -0.14 -0.26 -0.37 -0.18 -0.33 -0.19 -0.37 -0.28 -0.30 -0.27 -0.31 -0.28 -0.40 -0.33 -0.49 -0.40
0.05 0.03 0.10 0.09 0.01 0.01 0.20 0.05 0.05 0.03 0.04 0.06 0.04 0.07 0.05 0.02 0.01 0.06
95149 SWODs -0.09 0.00 -0.18 -0.14 -0.14 -0.10 -0.11 -0.15 -0.21 -0.19 -0.15 -0.13 -0.10 -0.10 0.03 -0.33 -0.23 -0.47 -0.10
0.06 0.06 0.11 0.16 0.01 0.02 0.24 0.06 0.06 0.05 0.08 0.04 0.04 0.06 0.15 0.02 0.03 0.12 0.21
95319 SWODs 0.27 0.25 0.19 0.24 0.12 0.21 0.18 0.26 0.18 0.28 0.19 0.19 0.55 0.23 0.20
0.04 0.02 0.01 0.03 0.06 0.05 0.05 0.05 0.06 0.04 0.04 0.04 0.06 0.05 0.03
95740 Cool 0.22 0.36 0.48 0.39 0.40 0.29 0.34 0.51 0.51 0.44 0.49 0.43 0.43 0.74 0.62 0.50 0.48 0.31
0.09 0.11 0.04 0.13 0.02 0.21 0.06 0.14 0.07 0.03 0.06 0.05 0.03 0.19 0.11 0.07 0.02 0.09
96100 SWODs 0.41 -0.14 -0.24 -0.17 -0.16 -0.18 -0.22 -0.26 -0.27 -0.13 -0.17 -0.13 -0.19 -0.12 -0.17 -0.21 -0.23 -0.19 -0.06
0.10 0.15 0.02 0.03 0.03 0.01 0.05 0.06 0.05 0.05 0.05 0.04 0.04 0.05 0.05 0.04 0.02 0.03 0.16
96441 SWODs -0.24 0.03 -0.20 0.00 -0.35 0.02 -0.22 -0.06 -0.16 0.15 -0.06 0.02 -0.07 -0.11 -0.08 -0.47
0.02 0.13 0.01 0.02 0.16 0.05 0.05 0.03 0.05 0.17 0.05 0.08 0.07 0.02 0.02 0.21
96901 Cool -0.15 0.09 0.13 0.08 -0.01 0.05 0.11 0.06 0.09 0.03 0.08 0.06 0.05 0.17 0.06 0.06
0.02 0.02 0.01 0.01 0.03 0.05 0.11 0.04 0.03 0.06 0.03 0.03 0.06 0.06 0.02 0.02
97546 SWDPs -0.09 -0.05 0.05 0.00 -0.02 0.03 -0.09 0.01 0.01 -0.09 -0.05 -0.05 -0.04 -0.04 0.03 0.02 -0.17 -0.03 -0.24 -0.11
0.06 0.04 0.04 0.07 0.03 0.01 0.16 0.04 0.02 0.04 0.03 0.04 0.03 0.03 0.06 0.04 0.05 0.02 0.02 0.07
97675 SWODs -0.05 -0.01 0.13 0.09 0.08 0.10 -0.02 0.09 0.12 0.01 0.03 0.03 0.03 0.02 0.09 0.06 0.00 0.05 -0.16 -0.02
0.06 0.04 0.05 0.06 0.02 0.01 0.16 0.04 0.02 0.04 0.03 0.04 0.03 0.03 0.06 0.05 0.07 0.02 0.01 0.10
98767⋆ Low-mass 0.40 0.25 0.35 0.32 0.26 0.14 0.14 0.22 0.29 0.26 0.27 0.28 0.21 0.26 0.45 0.28 0.21 0.23
0.12 0.03 0.04 0.02 0.02 0.03 0.05 0.04 0.04 0.04 0.09 0.04 0.04 0.05 0.08 0.04 0.02 0.06
98819 SWODs 0.01 0.04 0.05 -0.07 0.10 0.03 0.05 0.02 0.00 -0.05 0.09 0.13 0.10 0.21 0.06 0.27 -0.19
0.08 0.20 0.04 0.03 0.02 0.03 0.18 0.04 0.02 0.06 0.07 0.05 0.04 0.10 0.03 0.29 0.04
98959 Low-mass -0.24 -0.15 0.02 -0.24 -0.21 -0.22 -0.27 -0.34 -0.24 -0.25 -0.33 -0.28 -0.22 -0.41 -0.39 -0.34 -0.28
0.03 0.09 0.23 0.02 0.10 0.05 0.03 0.05 0.04 0.04 0.03 0.04 0.05 0.07 0.09 0.02 0.10
99240 SWODs 0.39 0.21 0.42 0.39 0.39 0.36 0.16 0.22 0.31 0.39 0.32 0.37 0.37 0.33 0.35 0.63 0.37 0.35 0.36
0.09 0.08 0.05 0.06 0.02 0.02 0.17 0.05 0.07 0.05 0.04 0.07 0.04 0.04 0.07 0.10 0.04 0.02 0.06
99316 SWDs -0.02 -0.03 -0.10 0.02 -0.01 -0.06 -0.16 -0.16 -0.21 -0.10 -0.18 0.00 -0.13 -0.12 -0.07 -0.08 -0.17 -0.01 -0.25
0.03 0.11 0.02 0.07 0.04 0.01 0.05 0.05 0.06 0.06 0.06 0.04 0.06 0.04 0.07 0.04 0.03 0.06 0.09
99461 SWODs -0.19 -0.55 -0.39 -0.21 -0.34 -0.44 -0.27 -0.39 -0.19 -0.26 -0.23 -0.47 -0.42 -0.63 -0.35 -0.49 -0.47 -0.36
0.08 0.08 0.04 0.06 0.03 0.07 0.12 0.07 0.10 0.08 0.10 0.07 0.09 0.08 0.05 0.05 0.15 0.07
99711 SWDPs 0.38 0.15 -0.01 -0.07 0.12 0.02 -0.10 0.00 -0.10 0.01 -0.18 0.17 0.01 -0.10 0.13 0.02 -0.07 0.01 0.24
0.03 0.11 0.09 0.03 0.07 0.03 0.06 0.13 0.06 0.05 0.06 0.06 0.05 0.05 0.06 0.11 0.03 0.06 0.26
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
99825 Low-mass 0.63 0.09 0.14 0.08 0.16 0.10 0.04 -0.09 0.10 0.06 0.13 0.05 0.18 -0.01 0.06 0.20 0.11 0.08 0.46 0.13
0.04 0.18 0.05 0.03 0.04 0.03 0.04 0.06 0.11 0.05 0.07 0.07 0.07 0.06 0.06 0.07 0.07 0.04 0.11 0.05
101983 SWODs -0.47 -0.30 -0.35 -0.46 -0.36 -0.56 -0.33 -0.48 -0.40 -0.40 -0.46 -0.44 -0.39 -0.52 -0.71 -0.45 -0.49
0.02 0.07 0.08 0.09 0.03 0.07 0.04 0.05 0.03 0.04 0.05 0.04 0.06 0.04 0.02 0.02 0.04
101997 SWODs 0.26 -0.32 -0.02 -0.15 -0.27 -0.28 -0.44 -0.29 -0.20 -0.25 -0.25 -0.20 -0.28 -0.25
0.21 0.07 0.03 0.05 0.03 0.05 0.03 0.07 0.05 0.05 0.05 0.05 0.03 0.03
103389 SWDs -0.18 -0.17 -0.17 -0.27 -0.17 -0.44 -0.12 -0.29 -0.18 -0.27 0.01 -0.04 -0.23 -0.17 -0.23 -0.39
0.08 0.03 0.13 0.15 0.04 0.11 0.06 0.05 0.08 0.05 0.02 0.08 0.09 0.05 0.04 0.06
104239 SWDs 0.70 0.18 -0.04 0.09 0.14 0.04 -0.07 -0.09 0.04 0.03 0.03 0.23 0.02 -0.03 0.14 0.04 -0.03 0.19
0.03 0.20 0.07 0.03 0.17 0.02 0.05 0.12 0.11 0.06 0.09 0.10 0.05 0.08 0.05 0.02 0.03 0.24
104903 SWDPs 0.06 0.12 0.29 0.29 0.27 0.27 0.24 0.21 0.26 0.29 0.25 0.29 0.31 0.28 0.30 0.42 0.29 0.29 0.35 0.23
0.04 0.09 0.02 0.04 0.02 0.01 0.24 0.04 0.05 0.05 0.04 0.05 0.03 0.04 0.05 0.05 0.07 0.02 0.09 0.04
105312 SWODs -0.05 -0.15 -0.27 -0.20 -0.14 -0.24 -0.20 -0.23 -0.19 -0.36 -0.21 -0.27 -0.20 -0.29 -0.30 -0.31 -0.36 -0.34 -0.31 -0.32
0.03 0.06 0.02 0.08 0.02 0.01 0.03 0.05 0.04 0.05 0.05 0.05 0.04 0.04 0.04 0.06 0.04 0.02 0.06 0.11
105388 SWDs 0.98 -0.08 -0.26 -0.33 -0.26 -0.18 -0.38 0.02 -0.38 -0.31 -0.42 -0.05 -0.23 -0.42 -0.28 -0.09 -0.37 -0.82 -0.55
0.03 0.04 0.06 0.09 0.06 0.03 0.16 0.03 0.24 0.08 0.08 0.06 0.09 0.11 0.16 0.23 0.05 0.02 0.10
105858 SWODs -0.61 -0.37 -0.57 -0.63 -0.61 -0.63 -0.88 -0.72 -0.81 -0.63 -0.79 -0.69 -0.93 -0.72 -0.79 -0.68
0.07 0.08 0.04 0.10 0.02 0.04 0.06 0.02 0.05 0.27 0.04 0.06 0.06 0.03 0.01 0.07
106696 SWODs 0.48 -0.17 -0.23 -0.23 -0.17 -0.18 -0.23 -0.20 -0.23 -0.11 -0.14 -0.01 -0.15 -0.19 -0.19 -0.17 -0.24 -0.14 -0.25
0.04 0.08 0.04 0.05 0.03 0.02 0.05 0.11 0.06 0.07 0.06 0.06 0.05 0.05 0.06 0.05 0.03 0.05 0.05
107022 SWDs 0.01 0.06 0.08 0.00 -0.05 -0.05 -0.04 -0.04 0.00 -0.03 0.00 -0.01 0.02 0.05 -0.02 -0.04 0.00
0.02 0.05 0.02 0.01 0.09 0.05 0.04 0.05 0.05 0.05 0.04 0.04 0.07 0.05 0.05 0.02 0.06
107350 SWDs -0.22 -0.15 -0.22 -0.20 -0.08 -0.08 -0.60 -0.21 -0.18 -0.19 -0.29 -0.10 -0.16 -0.15 -0.21 -0.23 -0.32
0.02 0.16 0.03 0.09 0.10 0.02 0.02 0.05 0.12 0.04 0.06 0.08 0.04 0.08 0.05 0.04 0.07
107649 SWDs -0.22 -0.07 -0.07 -0.05 -0.07 -0.05 -0.08 -0.05 -0.14 -0.16 -0.09 -0.11 -0.10 -0.11 -0.04 -0.12 -0.16 -0.13 -0.28 -0.14
0.06 0.06 0.05 0.07 0.02 0.01 0.12 0.04 0.02 0.04 0.03 0.04 0.05 0.03 0.08 0.05 0.04 0.02 0.03 0.08
108028 SWDs 0.42 -0.05 -0.16 -0.18 0.00 -0.07 -0.13 -0.11 -0.28 -0.08 -0.07 0.04 -0.01 -0.19 0.00 -0.08 -0.17 -0.10 -0.07
0.04 0.18 0.04 0.05 0.10 0.03 0.06 0.07 0.08 0.07 0.07 0.07 0.08 0.06 0.07 0.03 0.04 0.09 0.10
109378 SWDPs 0.27 0.27 0.36 0.33 0.29 0.29 0.18 0.26 0.41 0.31 0.33 0.29 0.23 0.29 0.38 0.29 0.24 0.45
0.06 0.03 0.04 0.04 0.02 0.07 0.05 0.05 0.07 0.05 0.06 0.04 0.04 0.05 0.06 0.05 0.02 0.18
109422 SWODs -0.17 0.14 -0.09 -0.14 -0.01 0.25 -0.01 -0.10 -0.03 -0.11 0.04 0.06 -0.16 0.05 -0.01 -0.32 -0.23
0.04 0.16 0.14 0.01 0.04 0.02 0.07 0.07 0.08 0.12 0.05 0.07 0.09 0.05 0.04 0.22 0.04
109821 SWODs -0.24 -0.13 0.02 0.03 -0.10 -0.18 -0.07 -0.10 -0.13 -0.07 -0.07 -0.13 -0.11 -0.11 -0.25 -0.19 -0.15 -0.09
0.02 0.02 0.04 0.03 0.01 0.05 0.04 0.07 0.04 0.03 0.04 0.03 0.04 0.05 0.05 0.05 0.02 0.07
110109 SWODs -0.21 -0.08 -0.23 -0.19 -0.23 -0.23 -0.18 -0.23 -0.37 -0.39 -0.31 -0.31 -0.31 -0.30 -0.19 -0.30 -0.44 -0.33 -0.46 -0.29
0.07 0.04 0.05 0.08 0.10 0.01 0.07 0.05 0.02 0.05 0.03 0.04 0.06 0.04 0.13 0.04 0.05 0.02 0.01 0.05
112190 SWDPs 0.07 0.01 -0.09 0.17 0.18 -0.15 0.15 0.00 -0.01 0.03 0.25 -0.02 0.12 0.21 0.05 0.37 0.26
0.12 0.06 0.04 0.07 0.05 0.07 0.15 0.14 0.09 0.10 0.08 0.07 0.08 0.04 0.04 0.04 0.19
113044 SWDPs 0.08 0.08 0.29 0.19 0.19 0.22 0.11 0.16 0.25 0.15 0.14 0.16 0.12 0.11 0.26 0.29 0.10 0.18 0.15 0.18
0.06 0.04 0.03 0.04 0.04 0.02 0.13 0.04 0.02 0.04 0.02 0.05 0.04 0.03 0.11 0.06 0.06 0.02 0.13 0.16
113357 Hot 0.32 0.26 0.31 0.22 0.22 0.16 0.15 0.15 0.20 0.18 0.16 0.17 0.20 0.23 0.38 0.24 0.22 0.21
0.10 0.02 0.03 0.03 0.01 0.10 0.05 0.03 0.06 0.03 0.04 0.03 0.03 0.05 0.04 0.03 0.02 0.06
113421 Hot 0.37 0.44 0.44 0.40 0.36 0.28 0.25 0.32 0.36 0.35 0.35 0.40 0.35 0.38 0.57 0.37 0.37 0.37
0.09 0.04 0.05 0.03 0.02 0.06 0.05 0.07 0.05 0.04 0.05 0.04 0.04 0.07 0.06 0.05 0.02 0.19
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Table 11. continued.
HIP Sample C i O i Na i Mg i Al i Si i S i Ca i Sc i Sc ii Ti i Ti ii V i Cr i Cr ii Mn i Co i Ni i Cu i Zn i
114236 SWDs -0.16 0.03 -0.01 0.16 0.04 0.05 -0.06 0.06 0.07 0.02 0.04 0.05 -0.01 0.05 0.17 0.13 -0.06 0.01 -0.13 -0.01
0.06 0.07 0.02 0.11 0.02 0.01 0.19 0.04 0.03 0.04 0.04 0.13 0.04 0.04 0.08 0.08 0.05 0.02 0.02 0.11
114622 SWODs 0.67 0.22 0.13 0.08 0.26 0.18 -0.11 0.37 0.02 0.20 0.16 0.30 0.12 0.18 0.27 0.15 0.13 0.69 0.33
0.07 0.14 0.08 0.04 0.06 0.04 0.13 0.19 0.08 0.11 0.10 0.10 0.07 0.09 0.10 0.06 0.05 0.11 0.20
114948 SWDs -0.20 0.03 -0.07 -0.10 -0.48 -0.02 -0.17 -0.01 -0.19 -0.10 -0.16 -0.06 -0.02 0.00 -0.11 -0.12 -0.39 -0.19
0.05 0.03 0.08 0.11 0.01 0.01 0.18 0.05 0.04 0.04 0.05 0.08 0.04 0.06 0.05 0.02 0.08 0.10
115331 SWODs 0.22 -0.02 -0.07 -0.06 0.12 -0.02 0.02 0.01 -0.11 0.06 -0.02 0.20 0.09 -0.07 0.01 0.09 -0.08 -0.09
0.24 0.13 0.11 0.04 0.13 0.02 0.07 0.10 0.07 0.05 0.11 0.06 0.05 0.04 0.11 0.06 0.02 0.02
116250 SWODs 0.22 0.40 0.40 0.43 0.34 0.20 0.26 0.29 0.38 0.28 0.25 0.32 0.28 0.30 0.37 0.34 0.36 0.21
0.02 0.02 0.03 0.02 0.01 0.07 0.04 0.03 0.05 0.03 0.09 0.03 0.03 0.06 0.06 0.05 0.02 0.06
116613 SWODs -0.15 -0.04 0.31 0.09 0.13 0.10 -0.02 0.16 -0.01 0.20 0.05 0.32 0.19 0.24 0.26 -0.01 0.12 -0.14 0.00
0.11 0.03 0.21 0.06 0.01 0.02 0.06 0.05 0.06 0.03 0.06 0.05 0.04 0.12 0.06 0.11 0.02 0.12 0.19
116745 SWODs 0.96 -0.08 -0.27 -0.30 -0.05 -0.12 -0.35 0.07 -0.17 -0.08 -0.09 0.07 -0.24 -0.26 -0.36 -0.12 -0.26 -0.14 -0.05
0.07 0.08 0.08 0.04 0.06 0.03 0.08 0.16 0.08 0.11 0.10 0.11 0.08 0.09 0.08 0.06 0.05 0.08 0.10
116771 SWODs -0.12 -0.06 -0.03 -0.11 -0.14 -0.06 -0.08 -0.04 -0.19 -0.11 -0.13 -0.06 -0.07 -0.02 -0.17 -0.31 -0.15 -0.59 -0.17
0.05 0.03 0.10 0.10 0.04 0.03 0.11 0.05 0.05 0.03 0.05 0.12 0.04 0.08 0.05 0.02 0.02 0.01 0.04
116906 Cool -0.14 0.01 0.08 0.05 -0.01 -0.03 -0.01 -0.05 -0.05 -0.02 -0.04 -0.02 -0.01 0.02 -0.04 -0.01 -0.03 -0.05
0.02 0.02 0.06 0.02 0.01 0.06 0.05 0.03 0.04 0.03 0.05 0.03 0.04 0.05 0.04 0.05 0.02 0.08
Notes. SWDs: stars with discs; SWODs: stars without known discs; SWDPs: stars harbouring simultaneously debris discs and planets; Cool: stars hosting cool (a > 0.1 au) gas-giant planets; Hot:
stars hosting at least one close-in (a < 0.1 au) gas-giant; Low-mass: stars hosting at least one low-mas (Mpsin i . 30M⊕) planet. †: Giant star.
‡ It also hosts cool and hot Jupiters planets.
⋆ It also hosts cool Jupiters planets.
